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ABSTRACT 
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BY 
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* * * * * • • - , - - * -
The Panjal Traps of Kashmir cover a vast expanse in 
terms of area and geological t ime. .ExcBpt^fQr a few random 
attempts by some geologis t s , these rocks have largely "been 
ignored and no deta i led petrographic and geochemical inves-
t i ga t i on has been done,, .L" p *' • : 
The present study was conducted to study in d e t a i l the 
mineralogy and chemistry of these rocks to determine the ^>c~ '• 
nature of magma and the environment of eruption. Since, the , i 
Panjal Traps occur along the northern boundary of the Indian 
p la te and also the erstwhile Gondwana supercontinent, the 
study of the geochemistry of these rocks may have an important 
bearing on many tec tonic problems of the region. 
Thir ty- three flows were delineated on Mount Kayol, S 
Lidderwat, forming a steep c l i f f of bedded sequence of the 
Panjal Traps. The flows have chi l led contacts . cj\ 
Excluding two basal flows, which are plagioclase 
porphyr i t ic , a l l the other flows are f ine grained rock compris-
ing mainly of plagioclase and pyroxene showing subophitic 
r e l a t ionsh ip . The composition of the plagioclase pjsenoerysts 
i s highly calc ic (An^-Ang^) . Less calcic plagioclase are ' 
confined to gronndmass phase. Pl?>gioclqse predominated over 
pyroxenes throughout. In early flows, Pyroxene i s Ca-rich but 
shows a trend towards Fe-r ich var ian ts in successive upper 
flows. Olivine i s conspicuously absent throughout. Al terat ion 
of some plagioclase and pyroxene c rys t a l s to ep ido tes ,ch lor i tes 
and t r e m o l i t e - a c t i n o l i t e , but s t i l l re ta in ing primary t ex tu ra l 
f ea tu res , i s noted. Secondary a l b i t e and b i o t i t e f3fc4ir cross — 
cut r*l«tip3»iiiE_wi-th primary t ex tu ra l fea tures , probably k^ c*.. u^ IV.'KA 
associated with the a lka l i metasomatism, ^&r-e-^.lso observed-. 
The nature of a l t e r a t i o n seems to be isochemical except 
for the- concentration of a l k a l i s . The enrichment of a lka l i s 
caused the undersaturat ion of normative composition and also 
masked the or ig inal magma character on s i l i c a - a l k a l i and MFA 
diagrams. However, evaluation of chemistry based on other 
elements indicates tha t these rocks are re la t ive ly evolved 
t h o l e i i t i c basa l t s which have fract ionated to a maximum of 
basa l t i c -andes i t e s tage . These rocks have s t r ik ing uniformity 
in composition. The evolved nature of the magma i s a t t r ibu ted 
to the separation of ol ivine (and may be some part of pyroxene) 
during the slow r i s e of magma from deeper sources in the mantle 
to c ru s t a l r e se rvo i r s . The separation of olivine and pyroxene, 
both anhydrous phases, probably resul ted in the enrichment 
of Ca and Al r e l a t ive of Mg and Fe, and the bu i l t up of 
v o l a t i l e concentration which on forceful release c ^ s e d 
the formation of Agglomeratic s l a t e tha t preceded the main 
lava outpour. The release of water pressure coupled with the 
!> 
Ca - Al r ich composition of the magma may have favoured the 
early p rec ip i t a t ion of plagioclase , but t h i s was soon d i s t u r b -
ed by the eruption of magma which continued without any major 
Pause giving r i se to uniformally fine grained lava beds. 
The r e su l t s of the t race element data are in conformity 
with the inferences drawn by major oxide composition. High 
Rb and Ba values favour extraneous addit ion of a l k a l i s 0< ' ^ c.'"c 
whereas low concentration of Ni, Co and Cr favour separat ion 
of o l iv ine and some Part of pyroxene from the magma. High 
contents of G-a, Y, V, Cu, and Zr also sayapoyt fractionat-e^t • 
nature of the magma. Low Sr content, suggested to be re la ted 
to the low Sr content of the source region in the mantle, shows 
resemblance with some continental and a l l mid-ocean ridge 
t h o l e i i t e s . P lo ts of abundances and r a t i o s of various t race 
elements indicate s imi la r i ty of the Panjal Traps with ocean-
f loor basa l t s in the tectonic environment of erupt ion. However, 
presence of large and abundant ves ic les and absence of pillow 
s t ruc tu res suggests subaerial environment of erupt ion. P lo t s 
on TiOp - KpO - Pp^5 diagram indica te t h a t the oceanic a f f in i ty 
of the Panjal Traps may be due to the eruptions of these lavas 
along a ridge that was l a t e r aborted. 
I t i s concluded that the Panjal Traps represent an 
extended phase of eruptions that occurred in a r i f t i n g environ-
ment during Permo Carboniferous period and f inal ly culminated 
in the formation of a short- l ived mid-ocean ridge i n t h i s 
region. 
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INTRODUCTION 
The d e p o s i t i o n o f F e n e s t e l l a - s h a l e beds i n t h e Upper -
Middle C a r b o n i f e r o u s p e r i o d i n n o r t h w e s t e r n end of t h e 
Himalayan c h a i n and t h e n o r t h e a s t e r n p a r t s of Haza ra was 
f o l l o w e d by a p e r i o d o f g r e a t v u l c a n i c i t y whereby an enormous 
volume of p y r o c l a s t i c and l i q u i d p r o d u c t s were s p r e a d o v e r 
a v a s t expanse of K a s h m i r . The a c t i v i t y c o n t i n u e d u n a b a t e d 
t h r o u g h whole of t h e P e r m i a n p e r i o d , a f t e r which i t d i m i n i s h -
ed g r e a t l y , a l t h o u g h i t p e r s i s t e d l o c a l l y a t a few p l a c e s 
u p t o t h e Upper T r i a s s i c p e r i o d . 
The m a n i f e s t a t i o n of t h i s i g n e o u s a c t i v i t y i s s e e n i n 
t h e form of a t h i c k v o l c a n i c f o r m a t i o n , t h e " P a n j a l V o l c a n i c 
S e r i e s " which c o n s t i t u t e t h e l o w e r p y r o c l a s t i c p o r t i o n , 
c a l l e d t h e Agg lomera t i c s l a t e , and t h e u p p e r bedded f l o w s , 
t h e P a n j a l Traps ( M i d d l e m i s s , 1910) . The whole t h i c k n e s s of 
t h e P a n j a l Vo lcan i c S e r i e s r eached t o a maximum of 2 ,100 
m e t e r s , of course l o c a l l y , i n U r i d i s t r i c t ( K r i s h n a n , 1 9 6 8 ) . 
Though c o n s t i t u t i n g a f a i r l y l a r g e p o r t i o n of t h e 
s t r a t i g r a p h i c column of Kashmir , t h e P a n j a l V o l c a n i c S e r i e s 
d i d n o t a t t r a c t much a t t e n t i o n of t h e g e o l o g i s t s . The work 
c a r r i e d o u t on t h e s e r o c k s i s l a r g e l y con f ined t o d i s c u s s i o n s 
on t h e age of t h i s s e r i e s and t o r e s o l v e t h e i g n e o u s v e r s u s 
1 
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g lac i a l or ig in of the Agglomeratic s l a t e (Middlemiss, 1910; 
Wadia, 1934; Ganju and Srivastava, 1961; Sr ikant ia , 1973; 
Gupta, 1975). Bion (1928) and Reed (1932) compiled a la rge 
data on the fo s s i l assemblage found a t ce r t a in l o c a l i t i e s 
in the Agglomeratic S l a t e . A few repor ts on the petrology 
of the Panjal Traps were also published (Middlemiss, 1910; 
Wadia, 1934; Ganju, 1943; Ganju and Rajnath, 1969; Wakhloo, 
1969; Singh et a l . , 1976). However, i n recent years , cursory 
attempts towards the geochemistry of the Panjal Traps were 
made by a few workers. 
Purpose and Scope of the Present Study 
Whatever l i t t l e i s known about the geochemistry of the 
Panjal Traps i s based on the r e su l t s of a few analyses carr ied 
out on these rocks by Nakazawa and Kapoor (1973) and Pareek 
(1976). No systematic inves t iga t ion of these rocks from base 
to top involving the changes in the mineral phases, the 
v a r i a t i o n in major and t race element chemistry, the nature 
of l ava , and the at tendant physico-chemical condit ions, was 
ca r r i ed out . The present inves t iga t ion based on the petrology 
and geochemistry of these rocks i s an attempt to resolve some 
of the above mentioned problems. 
The Panjal Traps occupy the c r i t i c a l posi t ion on the 
northern boundary of the Indian p l a t e . The geochemistry of 
these rocks may prove helpful in resolving many tec tonic 
problems l i ke the depth of magma generation, environment and 
3 
t ec ton ic set-up of lava eruption in t h i s part of Himalaya 
during Permo-Carboniferous period. 
Geography 
Lidderwat area , s i tua ted in the Anantnag d i s t r i c t , 
Jammu and Kashmir, about 120 km from Srinagar, l i e s i n the 
in tervening synclinal trough between the southeast p i tch ing 
Basmai an t i c l ine i n the north, and northwest p i tch ing Eishmuquam 
or Lidder an t i c l ine in the south. The name "Lidderwat" i s 
derived from the r i v e r Lidder whose western t r i bu t a ry , flowing 
from Tar Sar l ake , d i see ts t h i s region and joins Kolshai Nala 
(stream) at t h i s po in t . The en t i re area f a l l s within 43 N/4 
and 43 N/8 topographic sheets of the survey of Ind ia . The 
area i s encompassed by l a t i t udes 34°7'N to 34°12'N and long i -
tudes 75°11•B to 75°15*E. Mount Kayol i n Lidderwat, selected 
for de ta i led study of the Panjal Traps, i s s i tuated near 
Publ ic Works Department Rest House on the l e f t bank of West 
Lidder r i v e r . Figure 1 shows the loca t ion of the area 
s tud ied . 
The r e l i e f of the area i s h igh . The lowest e levat ion 
i n the area i s 2,729 m above sea l e v e l . Mount Kayol r i s e s to 
a height of 3,759 *»• The highest e levat ion in the region 
forms the Kolahai peak which i s 5,425 m high. The Tar Sar 
lake to the southwest of Lidderwat i s s i tua ted at 3,795 m. 
Lidderwat i s accessible during dry seasons by a 
jeepable road from Pahalgam upto Aru, and afterwards there i s 
-EOLOGICAL MAP O r THE LIDDERWA7 AND SURROUNDING 
AREAS SHOW!--' OCATICN OF MOUNT KAYOL 
%T 
w\. 
7C 
~! J * M M V A N D < A 
Ssrina9arfp<,ha'9°™ 
. f —^ 
arro 
\ 
I N D I A 
LEGEND 
S 
I^ J 
J L 
p u ' r tv shale 
Sftoir / T i ^ i c -
r *? / / sSS /C 
UPPER -
> w o s r 
PERMIAN 
A , ;I ~f c : s i . 
)CARBOS •ERCuS 
; ^ c p ^ \ C - * r c c : 
FIGURE 1 
5 
a h i l l y t r a c t to Lidderwat. The whole region i s covered "by a 
f a i r l y dense pine forest which, along with Pleis tocene g lac ia l 
depos i t s , cover the "basal flows of the Panjal Traps along the 
stream va l l eys . About ha l f of the thickness of the Panja l 
Traps on Mount Kayol i s s o i l covered but stream cats have 
exposed the flows at some p laces . The upper flows are devoid 
of any s o i l cover and vegetation; t he various flows showing 
prominent bedded character are well exposed on the steep 
c l i f f . However, on the surrounding h i l l s , the Panjal Traps 
do not exhibit a c l e a r bedded charac te r . 
Geological Set t ing 
The s ignif icant feature of the geology of Lidder 
Valley i s the exposure of the complete sequence of Paleozoic 
rocks within a small area which prompted many early workers 
to a de ta i led inves t iga t ion of t h i s Part of Kashmir. Lydekker 
(1883), Middlemiss (1909, 1910), Bion (1928), Dienner (1928), 
Reed (1932), Wadia (1934), and De Terra (1939) are among the 
pioneer geologists who mapped t h i s area and discussed the 
l i t ho logy , paleontology, and s t r u c t u r a l features of the various 
formations. Middlemiss, Read, and Rion compiled a comprehen-
s ive data on the fauna of t h i s region, especial ly t ha t of 
Carboniferous formations. The geological succession of the 
various formations in the area i s given i n Table I . 
The whole Paleozoic formation i s exposed in the denudated 
a n t i c l i n a l flexure of Lidder Valley; the Cambrian and Ordovician, 
6 
TABLE I. Age relationship of various rock formations 
in Lidder Valley-
£ra 
Mesozolc 
Paleozoic 
-
Period 
Triassic 
Permian 
Carboniferous 
Devonian 
Upper-most 
Part of Upper 
Middle 
Lower 
Upper 
Upper-Middle 
L ower- Middle 
Lower 
* Formation 
Limestone 
Grey and purple 
shale 
Ponjol Trap 
Aggiomerotlc 
slate 
Fenestella 
shale 
Syr ingothyris -
limestone 
Muth-quartzite 
7 
l y ing in the cent ra l par t of t h i s a n t i c l i n e , are flanked 
successively by th inner bands of younger formations of 
S i lu r i an , Devonian, and Carboniferous age. A s imi la r sect ion 
i s exposed in the Basmai an t i c l i ne of Sind Valley between 
Sonaaarg and Kolahai towards north of t h i s area . 
Lidderwat area i s dominantly composed of the Panja l 
Traps. Towards Pahalgam town, younger formations of Upper 
Permain and Tr iass ic periods are encountered, whereas older 
formations are exposed towards nor theast near Satlanjan and 
Kolahai. The dip of the lava beds on Mount Kayol i s 10° 
towards southwest; basa l beds are exposed towards nor theast 
of t h i s a rea . 
The age of the Panjal Volcanic Series i s defined both 
at the base and at the top by i n t e r c a l a t i o n s of foss i l i f e rous 
beds of known ages. The ea r l i e s t manifestat ion of a c t i v i t y 
seem to be of Middle to Upper Carboniferous age, i . e . , as 
ear ly as l a t e r par t of Moscovian, in the Lidder Valley and 
Upper Carboniferous near Nagmarg. Though Agglomeratic s l a t e 
i s general ly unfoss i l i fe rous throughout, at ce r ta in l o c a l i t i e s , 
severa l forms have been discovered (Bion, 1928; Heed, 1932) 
which are iden t i ca l to the forms found i n Fenes te l l a - sha le . 
The most common fo s s i l s are Productus, Spi r i fe r . Chonets. 
Eurydesma, Aviculopecten, Fenes te l la , and Baphemus. The end 
of t h i s igneous a c t i v i t y i s aore var iab le in age. In Khunmu 
the eruptions died out with Lower Permian, in the Lidder Valley 
8 
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Figure. 2 Showing the variability of the Panjal Trap 
activity through geological ages in different regions 
of Kashmir (after Wadia ,1934 , Fig.3, p.1Sd ) 
9 
with the end of Permian, while in Gurez the erupt ions did not 
end t i l l the Upper Tr i a s s i c (Wadia, 1934). This v a r i a b i l i t y 
of the Panjal volcanic a c t i v i t y through various geological 
ages has been graphical ly i l l u s t r a t e d by Wadia (1934) as shown 
in Figure 2 . 
F ie ld Mapping 
Fie ld work for t h i s inves t iga t ion was carr ied out 
during the summers of 1975, 1976 and 1977. An area of 750 
square kilometers covering Aru, Lidderwat, Tar Sar and Kolahai 
was s tudied. Survey of India topographic sheets on 1 : 50,000 
scale were used as base maps. 
Considering the problem and the nature of the work to be 
car r ied out in t h i s study, a de ta i led geological mapping of 
the region was not considered e s s e n t i a l . For in tens ive f ie ld 
study and sampling of the Panjal Traps, Mount Kayol was se l ec t -
ed because of eas i ly discernable bedded sequence exposed on 
t h i s mountain. Thi r ty - three flows were delineated from base 
to the top on Mount Kayol, The flows were demarcated on the 
bas i s of the nature of columnar and conjugate j o i n t s , and 
amygdular s t ruc ture of the lava beds. The basal two flows 
immediately overlying Aggloaeratic s l a t e s are porphyr i t ic 
i n nature whereas the r e s t of the flows are very fine grained. 
The t o t a l thickness of the t raps on Mount Kayol exceeds one 
thousand fee t . 
10 
During sampling the suggestion of Watkins et al. (1970), 
"crushing and homogenizing of several samples from different 
parts of a lava flow should be undertaken to obtain represen-
tative chemical data", was considered. Samples were collected 
generally from three locationsf bottom, middle, and top of 
each flow; several samples were collected at each location 
so that equal portions of all samples after crushing and 
homogenization may give representative chemical composition 
of that particular part of the flow. However, the number of 
locations sampled on each flow varied depending upon the 
thickness of a particular flow. Due to the steep slope of 
rock exposures, certain portions of the flow were inaccessible 
for sample collection. For the study of the lateral variation 
in chemistry of these rocks, a few samples were collected 
from a single flow at about 15 feet intervals. Samples were 
also taken from Aru, Nishat Harwan, and Handwara to investi-
gate the regional variation in geochemistry of these rocks. 
However, the position of these samples in the order of flow 
sequence could not be ascertained because of the lack of 
basal exposures and bedded character of the Panjal Traps in 
these areas. 
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PETROGRAPHY 
The P a n j a l Trap i s a g r e e n i s h t o g r e y c o l o u r e d r o c k 
w i t h some dark g rey v a r i e t i e s . They a r e v e r y h a r d , compac t , 
m a s s i v e , and g e n e r a l l y f i n e g r a i n e d . The two "basal f lows 
i m m e d i a t e l y o v e r l y i n g t h e Agg lomera t i c s l a t e s a r e p o r p h y r i t i c ; 
t h e p h e n o e r y s t s o f p l a g i o c l a s e a r e d i s t i n c t l y s e g g r e g a t e d i n 
t h e form o f a s t a r g i v i n g r i s e t o g l o m e r o p o r p h y r i t i c t e x t u r e . 
The p h e n o e r y s t s a r e a s l a r g e a s 1.75 c e n t i m e t e r s . The n a t u r e 
of p h e n o e r y s t s i n t h e two flows v a r i e s w i t h i n and b e t w e e n t h e 
f l o w s , t h e c o n c e n t r a t i o n and s i z e d e c r e a s e s upwards t i l l t h e 
u p p e r m o s t p o r t i o n o f t h e second f l o w . Above t h a t t h e r o c k i s 
d e v o i d of any v i s i b l e p h e n o c r y s t and forms a compact mass of 
f i n e - g r a i n e d m a t e r i a l o f t e n w i t h a m y g d a l o i d a l s t r u c t u r e ; 
c h l o r i t e , q u a r t z , and e p i d o t e f i l l i n g t h e c a v i t i e s . Quar t z 
v e i n s , some more t h a n 38 c e n t i m e t e r s t h i c k , a r e common; t h e y 
a r e c o n f i n e d t o b e d d i n g p l a n e s , j o i n t s , and f r a c t u r e s . 
The rock i s g e n e r a l l y v e s i c u l a r , t h e v e s i c l e s r ange i n 
s i z e from smal l specks t o more t h a n 5 c e n t i m e t e r s ( l o n g e s t -
a x i s ) . Most o f t h e v e s i c l e s a r e e l o n g a t e d i n s h a p e . Rounded 
v e s i c l e s o c c u r m o s t l y i n t h e u p p e r p a r t s of t h e f l o w s , w h e r e a s 
t h e e l o n g a t e d ones p redOBina te i n t h e b a s a l p o r t i o n s . C lose 
e x a m i n a t i o n o f t h e v e s i c l e s r e v e a l t h a t t h e l o n g e s t a x i s o f 
t h e " p i p e - a m y g d a l e s " i s i n c l i n e d towards n o r t h e a s t . T h i s 
i n d i c a t e s t h e flow movement towards s o u t h w e s t which c o r r e s p o n d s 
t o t h e p r e s e n t d i p d i r e c t i o n of t h e l a v a beds on Mount K a y o l . 
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The composition of the f i l l i n g mater ia l in the ves i c l e s i s 
more or l e s s se l ec t ive ; ch lo r i t e i s common i n pipe-amygdules 
whereas epidote and quartz are found in rounded v e s i c l e s ; 
z eo l i t e s are very sca rce . Relat ively more r e s i s t an t nature 
of quartz to erosion has l e f t small dome and ridge shaped 
protuberances on the exposed surfaces of these rocks at the 
s i t e s of qua r t z - in f i l l ed c a v i t i e s . 
Under the microscope, the Panjal Trap i s observed to be 
a hemicrystal l ine aggregate of plagioclase feldspar and 
pyroxene with a mesostasis of micro l i t es of these minerals 
and t h e i r a l t e r a t i o n products, and dev i t r i f i ed glass in the 
groundmass. Opaque minerals , varying i n size from fine 
microscopic dust to small microphenocrysts, are common 
throughout the whole sequence of lava beds. Subophitic texture 
i s prevalent in these rocks. 
Except for the lower few flows the var ia t ion in the 
mineralogy of the Panjal Traps i s not qui te systematic . In 
some flows different mineral phases show repeated appearance 
which breaks the general sequence of mineralogical change in 
successive flows from bottom to top . This r epe t i t ion of 
mineral phases seems probably re la ted to the eruptive h i s tory 
of the l a v a s . However, a general trend i n compositional 
va r i a t i on of the main mineral phases i s d i scern ib le , 
Plagioclase occurs i n three s izes — megaphenocrysts, 
microphenocrysts, and minute mic ro l i t e s . Megaphenocrysts, 
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sometimes al tered to kaol in, are confined to the lower two 
flows whereas the microphenocrysts and micro l i t es form a 
common feature of the whole lava sequence. In the lower two 
flows microphenocrysts are rare ; ins tead , mic ro l i t es cons-
t i t u t e the common groundmass fe ldspar . The megaphenocrysts 
in general and some microphenocrysts a re fractured; the 
f rac tures are healed up with green c h l o r i t e and epidote 
(Figure 3 ) . In ce r ta in cases the f rac tures are bent and 
quartz has c rys ta l l i zed in the pressure shadows. The f r ac -
tured nature of the phenocrysts, the presence of pressure 
shadows, and the bent twin lamelle of ce r t a in p lagioclase 
c r y s t a l s imply the i n t r a t e l l u r i c o r ig in of the phenocrysts . 
The phenocrysts may have been subjected to s t r e s s during the 
upward movement of the magma at the time of eruption causing 
f rac tures in the entrained c r y s t a l s . Some phenocrysts have 
geometrical-shaped, rectangular in general , inc lus ions of 
pyroxene, epidote, and ch lor i t e (Figure 4 ) . Epir'A'te and 
c h l o r i t e inclusions probably represent the now al -ered 
o r ig ina l ly exis t ing pyroxene inc lus ions . Such inclV^ions are 
extremely rare in the microphynocrysts except im thQ lower 
few flowse 
The composition of the plagioealse i s var iab le and has a 
close corre la t ion with the s ize of th i s a ineta l . The magapheno-
c r y s t s , found only in the lower two flows, are highly ca lc ic ; 
t h e i r compositional range i s between bytownite and l ab rador i t e 
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(AnQ2 - Ancg)• The composition changes from calcic to sodic 
plagioclase with the decrease in s ize of the phenocrysts. 
Zoning towards decreasing An-eontent i s observed along the 
per iphera l portions of some c r y s t a l s . Microphenocrysts have a 
compositional range tha t l i e s between labdor i te and andesine 
(Ang.- An. r ) . Zoning i s rare in microphenocrysts. With the 
change i n composition towards sodic end member, s ize of the 
microphenocrysts also decreases from lower to upper flows. 
The' composition of the micro l i t i c plagioclase i s generally 
o l igoclase (An20- An...*) in a l l but lower two flows where the 
mie ro l i t e s have labradorite composition. Thus a complete 
gradation from calc ic to sodic members of the plagioclase 
se r ies i s noted. 
Small pyroxene inclusions in the phenocrysts and some 
ear ly microphenocrysts of p lagioclases , observed in a few 
lower flows, may ind ica te an e a r l i e r c rys t a l l i za t i on of pyroxene 
from the magma. Such an occurrence of pyroxene, besides a very 
few microphenocrysts of t h i s mineral in the lower two flows, 
suggests that the c ry s t a l l i z a t i on of pyroxene at t h i s stage 
was soon overtaken and dominated by the c r y s t a l l i z a t i o n of 
p lag ioc lase . Prom Plow number 3 upwards, the concentration 
of pyroxene, as microphenocrysts, increases though s t i l l 
remaining subordinate to p lag ioc lase . However, in the upper 
few flows, both phases rare ly occur as microphenocrysts and 
the rock shows a microcrys ta l l ine t e x t u r e . 
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The composition of the pyroxene i n the lower two flows, 
as also the composition of the pyroxene inclusion i n the 
p lag ioc lase , i s Ca-rich; i t i s represented by Ca-rich c l i no -
pyroxene. In the next few successive flows pyroxene micro-
phenocrysts continue to be Ca-rich t i l l i n the middle flows 
(Flow nos . 12 and 13), zoning to Fe- r ich pyroxene i s noted. 
Mauve-brown ferroaugi te , as a d i s t i n c t phase, f i r s t appears 
in Flow number 14 where i t joins Ca-rich augi te . From the 
middle par t of the Flow number 14, Ca-rich augite s t a r t s a 
decl ine with concomitant increase i n fe r roaugi te . Zoning 
from Ca-rich cores to Fe-r ich per ipher ies becomes prominent 
as indicated by the increase in re f rac t ive ind ic ies and 2V 
in the outer port ions of pyroxene microphenocrysts. In the 
upper port ions of flow number 23 and in the whole of Flow 
number 28, ferroaugite occurs as the sole pyroxene phase. 
However, i n Flow numbers 29, 30, and 32, Ca-rich augite again 
appears as a major microphenocryst mineral though these flows 
are scarcely mieroporphyri t ic . 
Groundmass pyroxene follows a s imi la r trend i n composi-
t i on from Ca-rich clinopyroxenes in the lower porphyri t ic 
flows to Fe-rich va r i an t s in the upper flows. Pigeoni te 
(27=27°) joins Ca-rich augite in Flow number 3 and continues 
as such, but with increasing proport ions, upto Flow number 11 
and afterwards appears as a s ingle groundmass pyroxene phase 
t i l l Flow number 14 where ferroaugite jo ins p igeoni te . However, 
as i s the case with phenocrystic phase, in Flow numbers 29, 
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30, and 32, Ca-rich augite again appears in the groundmass of 
these flows. This may suggest that the composition of the magma 
at a particular stage was mainly responsible for a particular 
pyroxene to appear at that stage. 
Opaques are common in all the flows from base to top. 
However, in the lower flows they form an insignificant amount 
of the total -volume and are confined to the micro crystalline 
groundmass mesostasis. In general, opaques can be distin-
guished into two different size fractions, the larger ones 
may be called microphenocrysts and the smaller ones may be 
considered as part of the groundmass. In the lower flows the 
nature of the opaques could not be determined due to their 
dusty occurrence. However, magnetite and ilmenite can be 
identified in the middle and upper flows. Magnetite occurs 
as separate equant grains and also forms inclusions in both 
the plagioclases and pyroxenes. Ilmenite usually forms patches 
and skeletal crystals. Leucoxene, the alteration product of 
ilmenite, is generally observed along the borders of ilmenite 
crystals; some crystals are completely altered to leucoxene. 
The concentration of both ilmenite and magnetite gradually 
increases in the upper flows. This indicates low partial 
oxygen pressure in the magma. 
Apatite is a common accessory with a tendency to increase 
in the upper flows. Pew apatite crystals occur in the vicinity 
of altered pyroxene crystals which, suggests that such apatite 
crystals may have formed as a result of the alteration of 
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pyroxenes. 
Epidote, c h l o r i t e , t remoli te - a c t i n o l i t e and anthophy-
l l i t e are important a l t e r a t i o n products . P i s t a c i t e va r ie ty of 
epidote , colourless to yellowish, i s common especia l ly among the 
upper flows. I t occurs both as granular and columnar aggregates; 
granular form i s , however, observed mainly in the groundmass 
por t ion of the rock. Zoisi te and c l i nozo i s i t e are also present . 
Cl inozois i te i s rare in the lower flows whereas i n the upper 
flows i t i s predominant. Piedmontile i s also occasionally 
observed in middle and upper flows. Penine, next "abundant 
a l t e r a t i o n product a f t e r p i s t a c i t e ( ep ido te ) , i s also common 
as ves ic le i n f i l l i n g . I t shows typ ica l Berl in blue i n t e r -
ference colour. The other va r i e t i e s of ch lor i te present , both 
as a l t e r a t i o n products of pyroxene and plagioclase , and also 
as ves ic l e i n f i l l i n g s , are c l inecnlore , showing pleochroism 
from colourless to green, and prochlor i te with higher re f rac-
t i v e index than clinochlore and penine. Tremol i te -ac t inol i te 
occur in columnar and fibrous forms; the columnar forms show 
polysynthet ic twinning. Act inol i te i s more common in higher 
flows. Zeolites are very rare both as ves ic le i n f i l l i n g as well 
as a l t e r a t i o n product. Heulandite i s observed in some basal 
beds, and s t i l b i t e , with d i s t inc t sheaf - l ike aggregates, i s 
present i n a few upper flows. 
B i o t i t e and a l b i t e are also p resen t . Bio t i te does not 
have well developed cleavage. Albite forms small euhedral 
c ry s t a l s with fine lamellar twinning. Both these minerals are 
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Vi 11 >. Showing development of biotite across 
vesicle boundary 
y 
y 
20 
observed along cleavage t races and f rac tu res ; they also commonly 
form overgrowth s t r u c t u r e s . The c h a r a c t e r i s t i c feature of 
"biotite and a lb i t e i s t h e i r development across primary t e x t u r a l 
features l i ke c rys ta l boundaries (Figure 5 ) . This may suggest 
tha t they may be of secondary o r i g i n . Both these minerals are 
ra re i n the lower three flows but occur commonly i n varying 
amounts in the upper flows. They have probably f omed as a 
r e su l t of a lka l i metasomatism re la ted to the g ran i t i c in t rus ion 
of Ter t ia ry age tha t occurs in nearby Gangbal, Zangan area 
to the northwest of Lidderwat. 
The r e s t r i c t i o n of the plagioclase phenocrysts to only 
lower two flows may suggest that the composition of magma 
tha t fract ionated these phenocrysts was Ca - Al r ich r e l a t i v e 
to Fe and Mg. This may have favoured ear ly c r y s t a l l i z a t i o n 
of more calcic plagioclase phenocrysts instead of Ga-rich 
Pyroxenes, and also caused the resu l t an t subophitic t ex ture 
tha t i s so conspicuous in the lower lava beds. This s tage of 
f rac t iona t ion was probably soon disturbed by the erupt ion of 
the magma on the surface; the p lagioclase did not c r y s t a l l i s e 
as l a rge phenocrysts to any appreciable amounts with the 
r e s u l t the composition of the magma was met much affeeted and 
as such, plagioclase dominates in the groundmass a l s o . This, 
again, caused the development of subophit ic r e la t ionsh ip of 
p lagioc lase and pyroxene i n the groundmass, besides Ga-rich 
composition of both these minerals . 
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The Panjal magma may have been or ig ina l ly Ca - Al r ich 
or there may have been some other f ac to r responsible for the 
enrichment of Ca - Al i n the l i q u i d . Cox et a l . (1968), from 
petrographic and geochemical evidence, suggested t ha t the more 
evolved character of augi te-p lagioelase phyrie b a s a l t s than 
the o l iv ine bearing va r i an t s in the Northern Province of Karroo 
d o l e r i t s , South Africa, i s due to the separat ion of o l iv ine 
from magma at an ear ly s tage . As noted e a r l i e r , o l iv ine was 
not observed in the Panjal Traps of the area under s tudy. Wadia 
(1928, 1934), Middlemiss (1909, 1910), Krishnan (1968), and 
others have also reported the absence of o l iv ine from these 
rocks a l l along t h e i r extension. Pareek (1976), however, r e -
ported the occurrence of o l iv ine bear ing members of the Panjal 
Traps. Thus, the f rac t ionat ion stage of such o l iv ine-bear ing 
and o l iv ine- f ree rocks of the Panjal Traps may be cor re la ted 
with the ol ivine-bear ing and o l iv ine - f ree basa l t s of Northern 
Province of Karroo d o l e r i t e s , South Afriea. The separa t ion 
of o l iv ine from the Panjal magma during i t s ascent from deeper 
regions in the mantle to the shallow reservoirs i n the crust 
may have resulted in the decrease of the mafic cons t i tuen ts 
i n the magma with concomitant enrichment in Ca and Al . The 
r a t e of ascent seems to have been very slow re su l t ing i n the 
complete separation of o l i v i n e . The p o s s i b i l i t y of resorpt ion 
of o l iv ine (high pressure phase) at shallow depths under low 
pressure conditions does not appear to favour l e s s mafic charac-
t e r of these rocks because under tha t condition mafic content 
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of the rock should not "be low. Also, in such condition the 
chances for the existence of some mafic (o l iv ine) xenocrysts 
in these rocks would be more. However, t h i s i s not observed; 
as such, resorption of o l iv ine in low pressure environment 
may be ruled out . 
The early separat ion of anhydrous phases ( o l i v i n e and 
may be some pyroxene) at a deeper l e v e l s , as in fe r red , may have 
caused the b u i l t up of the v o l a t i l e concentration i n the res idual 
l i q u i d . When t h i s l i qu id , highly charged with v o l a t i l e cons t i -
t uen t s , reached shallow depths in the crust , the v o l a t i l e s 
probably escaped with explosive force resu l t ing in the 
formation of Agglomeratic s l a t e on the surface. 
Francis (1967, 1968) observed tha t the proportion of 
the pyroclas t ic mater ia l increases in the l a t e r par t of 
Dinantian lavas , Scotland which he a t t r i b u t e d to the inc reas -
ingly explosive nature of eruption of lave during post-Dinantian 
period in t h i s area. Francis re la ted the change from quite 
extrusion to explosive type of lava eruption to the increase 
i n thickness of the sedimentary cover i n t h i s area . Macdonald 
(1975) found that with the change in the mechanism of lava 
eruption in the Dinantian period, there was also a change in 
the magma composition from mildly a lka l ine or t r a n s i t i o n a l 
type to strongly undersaturated cha rac te r . He argued t ha t a 
s imi l a r change in magma chemistry and the mechanism of lava 
eruption observed in Hawaiian i s lands (Macdonald, 1968), and 
Anjuan i n the Comores (Flower, 1973) may not be r e l a t ed to 
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sedimentation model of Francis (1968). He suggested tha t t h i s 
may ra ther be explained by increase in v o l a t i l e content and 
depth of magma generat ion. However, for post-Dinantian lavas , 
he ascribed the increase i n the pyroc las t i c mater ia l to the 
change in chemistry as well as to the increase in thickness 
of sedimentary cover. 
The suggestions of Francis (1968) and Macdonald (1975) 
for the explosive nature of eruption in Dinantian lavas and 
the resu l t an t formation of pyroclas t ic material does not 
appear applicable for the formation of Agglomeratic s l a t e 
underlying the Panjal Traps. The increase in the v o l a t i l e 
content in the Panjal magma may be a t t r i bu t ed to the separa-
t ion of anhydrous mineral phases as suggested e a r l i e r . 
The low p a r t i a l water pressure, created in the magma 
chamber by the escape of v o l a t i l e s , and high Ca - Al composi-
t ion of the magma may have favoured the early c r y s t a l l i z a t i o n 
of ca lc ic p lagioclase . This stage was probably soon followed 
by the eruption of magma on the surface and the formation of 
aphyric flows (with the exception of the lower two flows). 
The reappearance of some highly ca l c i c mineral phases in 
ce r t a in upper flows indicates tha t the magma chamber was 
tapped at different l eve l s during eruption that caused the 
upwelling of lava of different compositions. 
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GEOCHEMISTRY: MAJOR OXIDES 
I t may be s u s p e c t e d t h a t v o l c a n i c r o c k s o f C a r b o n i f e r o u s -
T r i a s s i c age would b e s u f f i c i e n t l y a l t e r e d t o make p e t r o -
c h e m i c a l s t u d i e s u n r e w a r d i n g . P e r h a p s t h i s was t h e r e a s o n t h a t 
t h e P a n j a l Traps d i d n o t a t t r a c t much a t t e n t i o n o f g e o c h e m i s t s . 
Wadia (1934) o b s e r v e d t h a t e p i d o t i z a t i o n , c h l o r i t i z a t i o n , and 
s i l i c i f i c a t i o n i s common i n t h e s e r o c k s . However, a c a r e f u l 
s e a r c h u s u a l l y r e v e a l s f a i r l y c l e a n u n a l t e r e d m a t e r i a l . 
O l i v i n e , which i s an easy p r e y t o a l t e r a t i o n p r o c e s s e s , i s 
a b s e n t from t h e mode of t h e s e r o c k s , t h u s r e d u c i n g t h e chances 
of e a s y a l t e r a t i o n . On a s c a l e i n v o l v i n g t h e p r e s e n t a r e a 
o f i n v e s t i g a t i o n t h e P a n j a l Traps a p p e a r t o be h e t e r o g e n e o u s 
i n t h e n a t u r e and e x t e n t of a l t e r a t i o n . Some c r y s t a l s i n t h e 
r o c k s have undergone a l t e r a t i o n t o e p i d o t e s , c h l o r i t e s , and 
t r e m o l i t e - a c t i n o l i t e b u t have r e t a i n e d t h e p r imary i g e n e o u s 
c h a r a c t e r s . 
The r e c o g n i t i o n o f s p e c i f i c magmatic c h a r a c t e r can b e s t 
be a p p r o a c h e d by r e c o n s t r u c t i o n o f b u l k chemica l c o m p o s i t i o n 
by d e r i v i n g an a v e r a g e compos i t i on from a n a l y s i s o f many 
samples of a s i n g l e l a v a flow ( S m i t h , 1968; V a l l e n c e , 1969t 
1974) o r by c o n s i d e r a t i o n of r e l i c p r i m a r y phase c h e m i s t r y , 
i n p a r t i c u l a r t h a t o f py roxenes ( V a l l e n c e , 1969, 1974) . The 
fo rmer approach i s e s s e n t i a l l y p r e f e r r e d i n t h e p r e s e n t s t u d y 
b e c a u s e o f t h e absence o f pyroxene p h e n o c r y s t s i n t h e P a n j a l 
T r a p s . 
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TABLE I I 
Average chemical composition of the Psnja l Traon compared 
v i t r the average chemical composition of Karroo b a s a l t s 
(Anhydrous b a s i s ) . 
Panja l Traps Karroo b a s a l t s 
3102 
TiOp 
A1203 
Fe, :0, 
FeO 
MgO 
CaO 
Na?0 
K20 
MnO 
p2o5 
51 .12 
1.75 
l'+.36 
1.8'+ 
8.95 
5-59 
9.87 
3-15 
l.1*f 
0.11 
0.17 
52.7 
1,16 
15A 
1.38 
9-35 
6.60 
9.96 
2.22 
0.87 
0.22 
0.16 
Data sourcei 
l a n j a l Traps j P resen t study 
Karroo b a s a l t s : Adopted from Cox e t a l . (1967, Table 3 ) . 
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In Table I I average chemical composition of the Panjal 
Traps i s compared with the average chemical composition of 
the Karroo b a s a l t s . The se lec t ion of the Karroo basa l t s 
for comparison with the Panjal Traps was mainly preferred 
because of the much s imi l a r i ty in the petrology of the two 
lava formations besides , the Karroo Volcanic Province being 
one of the few well studied basa l t formations of the world. 
The close s imi l a r i ty in chemical composition, as seen from 
Table I I , indicates tha t the a l t e r a t i o n i n the Panjal Traps 
has l a rge ly been isochemical excluding the concentration of 
more gtobile a lka l i elements. This may fur ther be t es ted on 
> 
ACN face of ACFN tetrahedron of Smith (1968). Jo l ly and Smith 
(1972) found Keweenawan basa l t s to p lo t i n three regions on 
ACN face of ACFN diagram. These three regions, unal tered 
basa l t s ( I ) , basa l t s containing a l b i t i z e d feldspar ( I I ) , and 
basa l t s with c h l o r i t e , epidote, p rehn i t e , and laumonite ( I I I ) , 
represent the three types of basa l t s tha t exis t i n the 
Keweenawan l avas . Figure 6 shows t ha t the Panjal Traps almost 
invar iably plot in the unaltered basa l t region ( I ) on t h i s 
diagram. This may ind ica te that these rocks are compositionally 
una l t e red . However, some of the p lo t s occupy the common region 
of una l te red basa l t s ( I ) and a lb i t e r ich basa l t s ( I I ) . These 
p lo t s may represent the samples tha t were highly affected by 
a lka l i metasomatism. This inference i s consis tent with micro-
scopic observations of these samples; secondary a l b i t e and 
27 
Figure 6. Plots of the Hanjal Traps on ACN face 
of AC FN tetrahedron Subdivisions, from Jolly 
and Smith ( 1972 ),are .( I) Unaltered basalts, 
(II) basalts containing albitized feldspar, , 
{III metadomiansi chlorite, pumpellyite,epe'dote) 
pr ehnite , laumonite . A •= 4 / ^ O j - / (pO , C = Cad, 
N - Na2 0 (All in molecular proportions) 
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Mot i t e are found to exis t in large amounts in these rocks. 
Thus, the largely isochemical nature of the a l t e r a t i o n seems 
responsible for r e ta in ing s t i l l recognisable magmatic texture 
in these rocks. 
Coombjfe (1963) suggested tha t chemical analyses of 
various basa l t s can most s a t i s f a c t o r i l y be compared with each 
other (espec ia l ly on normative plots) i f t h e i r contents of 
Fe^O, are reduced somewhat to allow for the post-extrusion 
oxidat ion of lava . The scale of reduction proposed by Coombs 
(1963) i s as follows: 
1. If t o t a l a l k a l i i s l ess than 4# i n the rock then 
Fe 2 0, should be taken as 1 . 50# for normative c a l -
cu la t ions . 
2 . If t o t a l a l k a l i i s 4-7#, then Fe205 should be taken 
as 2.00#f and 
3 . I f t o t a l a l k a l i i s 7-10%9 then Fe 20, should be taken 
as 2.5#. 
Chayes (1966) considered basa l t with FegO^/FeO r a t i o 
g rea t e r than 0.6 as a l t e r e d . I rv ine and Barager (1971) placed 
an upper l imi t of Fe20* for normative ca lcula t ions according 
to the following equation: 
Percent F e ^ - . » Percent Ti0 2 + 1*5 
This equation i s based on the observation tha t Ti02 and Fe20» 
29 
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general ly have s imi lar var ia t ion trends in unaltered volcanic 
s e r i e s . I f the analys is value of Fe-O, i s less than t h i s 
(percent TiOp + 1 .5) » no correct ion i s required? i f the value 
i s h igher , the "excess" amount of Fe^O, i s converted to FeO. 
This procedure causes changes i n mafic mineral content 
by several percent in the normative composition, but has 
l i t t l e effect on other parameters such as Iron/Magnesium 
r a t i o . The purpose of t h i s adjustment i s to obtain the com-
pos i t ion as close as possible to the primary composition of 
the rock. 
Table I I I shows the average chemical composition along 
with the normative composition and various oxide r a t i o s of 
the 32 flows of the Panjal Traps. I t i s seen from t h i s Table 
tha t the t o t a l a l ka l i content of these rocks generally l i e s 
between 4 and 5 percent and the Fe^O, value i s generally 
around 2 percent . This does not s t r i c t l y warrant post-extrusion 
correc t ion for Fe_0... Also, following Chayes (1966) the Paajal 
Traps need no post-extrusion Fe ?0- correct ion since Pe?0-/FeO 
r a t i o i s far below 0 . 6 . Similarly, according to I rv ine and 
Baragar1 s (1971) equation, except for Flow No.26, a l l the 
other flows have Fe20» values within the recommended percent-
age se t by the equation. 
The influence of a lka l i metasomatism i s c lear ly depicted 
by the normative analyses data (Table I I I ) . There i s very 
32 
high percentage of a l b i t e and or thoclase in the norm -which i s 
due to very high Na20 and K.,0 in the rock. The p o s s i b i l i t y of 
the o r ig ina l a l k a l i - r i c h character of the magma may he ruled 
out on the basis of the abundance of secondary a l b i t e and 
b i o t i t e i n these rocks* Such rocks have proport ional ly high 
a l k a l i content . Wherever secondary a l b i t e and b i o t i t e are 
l e s s or absent in the rock, a lka l i content of t ha t sample i s 
low (normal for a s i l i c a saturated rock) and o l iv ine or nephe-
l i n e does not build up i n the norm of t ha t p a r t i c u l a r ana lys i s . 
Such an inference i s also supported by other parameters l i k e 
MgO - A120 /SiOp , Fe 20, /Fe0, et cetfra, dealing with the 
s i l i c a - s a t u r a t e d versus s i l ica-undersa tura ted nature of a 
P a r t i c u l a r magma. 
Var ia t ion Diagrams 
Murata (1960) devised a method u t i l i z i n g various va r i a -
t i o n diagrams in which weight percent of MgO, CaO, or KpO + 
Ha 0 are plot ted against AlpO^/SiOg weight ra t io to determine 
the nature of the magma, whether t h o l e i i t i c or a l k a l i n e . MgO 
i s s trongly affected with the progressive f ract ionat ion of 
the bas ic magma towards acidic members and shows a downward 
t r end . CaO behaves s imi la r ly whereas Na^ and KgO show reverse 
t rend but in these cases , elopes of the trend l ines are not 
as steep as i t i s for MgO. In the Panjal Traps a lka l i metaso-
matism has changed the or ig inal a l ka l i content and as such 
use of t o t a l a lka l i was not preferred to decipher the nature 
o 
01 0.2 0.3 0.4 
At 2 O3/S1O2 
0.5 
Figure 7. Plots of the Panjal Traps on MgO—AI2O3/S1O2 
(Hurata, I960 J variation diagram 
fholeiitic basalt series 
A Tholeiitic olivine basalt 
B Tholentic basalt 
C Quartz basalt 
D Granophyre 
E Picrite (oc eanite ) 
Alkoli basalt series 
F. AnkaromHe 
6 Hawaiite (ondesine andeslte) 
H Mugeorite (oligoctase ondesite) 
/. Trachyte 
J Atkolic basalt 
J Alkaiic olivine basalt 
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of the magma. Ins tead , MgO versus A^O^/SiO, va r i a t i on diagram 
has been used (Figure 7) . The points i n t h i s diagram f a l l on 
t h o l e i i t e trend l i ne and c lus t e r near the t h o l e i i t i c basa l t 
(B) and quar tz-basal t (C) f i e l d s , mainly i n the region mid-way 
between the two. The l e s s basic charac te r , as indicated by 
the chemical analyses of these rocks , i s also evident from 
these p l o t s . Also, the points l i e away from the more di f feren-
t i a t e d members (D) in the diagram. As the points do not extend 
beyond G (qua r t z -basa l t ) , i t may be inferred that the Panjal 
magma did not f rac t ionate beyond quar tz-basal t s tage , and 
represent generally evolved, but s t i l l b a s a l t i c , composition. 
Such an inference i s i n conformity with the evolved nature 
of the plagioclase-pyroxene mineral assemblage of these rocks. 
Another method to dis t inguish the nature of magma be t -
ween t h o l e i i t e and a lka l i -o l i v ine basa l t i s by using Fe^O.*/ ~ > 
FeO r a t i o . Kuno et a l . (1957) found t h i s r a t io to be 0.5 .' 
and 0 .3 for a lkal ine and t h o l e i i t i c rocks respec t ive ly . The ^Lj^,,,
 u i 
h igher value of t h i s r a t i o for a lka l ine rocks i s a t t r i bu t ed v*^ w"iK 
to high p a r t i a l oxygen pressure tha t at tends the formation 
of these magmas at deeper levels in the mantle. The FepO,/FeO 
r a t i o of the Panjal Traps ranges between 0.10 to 0.3*", which 
fu r the r suggests a t h o l e i i t i c descent. Lower values of 
FepD-x/FeO ra t io ind ica te low oxygen p a r t i a l pressure during 
c r y s t a l l i z a t i o n of the magma (Osborn, 1969), a feature tha t 
i s a t t r i bu t ed to low magmatic water content in the parenta l 
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magma (Kuno, 1968). Absence of any primary hydrous mineral 
phase i n the Panjal Traps also suggests that these magmas 
c ry s t a l l i z ed under low p a r t i a l oxygen pressure . Water may 
have entered these rocks at a l a t e r stage a f t e r the s o l i d i -
f i ca t ion of magma and resulted in the formation of secondary 
hydrous minerals . 
Kuno (1968) has shown that Cenozoic basa l t s of Japan, 
Korea, and Manchuria plot in three d i s t i n c t regions on s i l i c a - £| 
t o t a l a l k a l i diagram. The three types of b a s a l t s , v i z . : 
t h o l e i i t e , high-alumina basa l t , and a lka l i -o l i v ine b a s a l t , 
p lo t in three d i s t i n c t regions. Figure 8 shows the p lo t s of 
t o t a l a l k a l i against s i l i c a for the Panjal Traps. The r e su l t s 
are contrary to what has been inferred by e a r l i e r discussion 
since points for the Panjal Traps generally fa l l i n the high-
alumina and a l k a l i - o l i v i n e basal t f i e l d s . I t i s evident from 
Figure 8 that the boundaries between the three basa l t types 
at a p a r t i c u l a r s i l i c a value i s primarily controlled by the 
amount of a lka l i content . With the increase i n a l k a l i content 
for a specif ic s i l i c a percentage, the p lo t wi l l sh i f t from 
l 
t h o l e i i t e f ie ld to a lka l i -o l iv ine basa l t f ie ld through high-
K 
alumina basal t region. Considering the extent of a l k a l i 
enrichment and the inference drawn from Figure 7» i t i s 
suggested that the Panjal Traps ly ing i n the a l k a l i - o l i v i n e 
basa l t and high-alumina basal t f i e lds may not represent the 
ac tua l composition of the magma. Moreover, much low magnesium 
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content and absence of olivine in these rocks do not support 
the alkali-olivine basalt lineage of these rocks* Also, 
silica infilling in vesicles in these rooks indicates an 
oversaturated character of the magma (Holmes, 1964), as also 
indicated by the presence of normative quartz in those rocks 
which contain l i t t l e or no secondary albite and biotite. 
Irvine and Baragar (1971) found that more than half of 
the plots SOT Coppermine River tavas on silica a alkali 
diagram plot in alkali-olivine basalt field though these lavas 
are "certainly tholeiitic in their overall characteristics". 
Irvine and Baragar (op.cit.) concluded that such abnormal 
results indicate limitations of silica _. alkali diagram. 
However, in Figure 8, the abnormal plots for the Panjal Traps 
may be attributed mainly to alkali enrichment in these rocks. 
Figure 8 shows that the Panjal Traps from a coherent 
mass with l i t t le compositional variability. It may be suggest-
ed that the Pamoal magma lies ©a a single line of descent or 
magmatic lineage, a coherence further suggested by the 
clustered nature of the points within a small region in all 
variation diagrams for these reeks. 
On the basis of mineralogy and chemistry, Kuno (1950) 
distinguished tholeiitic basalt series from calc-alkaline 
series and designated them as "pigeonite aeries" and "hypers-
thene series" respectively. Pigeonite is the characteristic 
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groundmass pyroxene in t h o l e i i t e s e r i e s whereas i n c a l c -
a lka l ine s e r i e s , orthopyroxene, ins tead of p igeoni te , i s 
present in the groundmass. Although Miyashiro (1974) accepts 
the app l i cab i l i ty of t h i s c l a s s i f i c a t i o n i n ce r ta in a reas , 
he refutes the u n i v e r s a l i t y of t h i s c l a s s i f i c a t i o n and, as 
an example of general i n a p p l i c a b i l i t y , repor ts the d isagree-
ment between mineralogy and chemistry i n the Chakoi volcanic 
zone of Northeast Japan. Such disagreement has also been 
reported from areaa outs ide Japan. Miyashiro ( o p . c i t . ) quotes 
the occurrence of hypersthene in the groundmass of some 
t h o l e i i t e s in Hawaii as reported by Macdonald and Katsura 
(1964). 
Miyashiro ( o p . c i t . ) proposed a chemical c l a s s i f i c a t i o n 
for ca le-a lka l ine and t h o l e i i t e rock s e r i e s . He defined a 
boundary l i ne separat ing the two s e r i e s tha t passes through 
two points (Pe^D^- FeO/MgO = 0 . 5 ; Si02= 46#) and (Fe20,+ 
FeO/MgO = 3.0; Si02 = 62#) . This i s represented by the 
following equation: 
Si02(percent) = 6.4 x Fe20»+ FeO/MgO + 42.8 
The t h o l e i i t e and ca lc -a lka l ine s e r i e s are defined by gen t l e r 
and s teeper slope respect ively than the d iv is ion l i n e . He 
also discussed other c r i t e r i a for c l a s s i f i c a t i o n but found 
the above one "preferrable" when t h i s divis ion l i ne i s used, 
the "hypersthenic" rocks of the Chakoi volcanic zone of Northeast -
Japan, as defined by Kuno (1950), are found to plot both in 
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ca lc -a lka l ine and t h o l e i i t e f ie lds on Miyashiro's ( o p . c i t . ) 
proposed diagram. 
There i s a general agreement tha t higher Fe20-*4- FeO, 
higher Fe_0- + FeO/MgO r a t i o , and lower Mg x 100/MgO + Fe ? 0 , + 
NapO + KjO (So l id i f i ca t ion Index, SI) charac ter i se t h o l e i i t e 
s e r i e s . Kuno (1968) found t h a t / t h o l e i i t e ser ies p lo t i n a 
d i s t i n c t region tha t i s different from ca lc -a lka l ine s e r i e s 
region on Si02 — SI and Fe 2 0, + FeO — SI diagrams. Thole i i t e 
s e r i e s i s devoid of any primary hydrous s i l i c a t e mineral 
whereas i n eale-alkj 'aine ser ies hydrous minerals, such as 
hornblende and b i o t i t e , are always p re sen t . C rys t a l l i za t i on 
temperature of t h o l e i i t e ser ies i s h igher than ca lc -a lka l ine 
se r i e s because the l a t t e r ser ies form under higher water 
pressure condit ions. Higher oxygen pressure in ca lc -a lka l ine 
s e r i e s causes early separation of magnetite and thus explains 
lack of i ron concentration during the f rac t ionat ion of t h i s 
s e r i e s . 
Figure 9 shows tha t majority of the plots for the Panjal 
Traps l i e in ea lc -a lka l ine f ie ld on MFA diagram. This goes 
against the inferred t h o l e i i t i c character of these rocks . 
Kuno (1968), using h i s proposed d iv is ion l i n e between 
p igeoni te ( t h o l e i i t e ) and hypersthene (ea le-a lka l ine) rock 
s e r i e s i n MFA diagram, also found some of the plots for f 
pigeoni te rock se r i e s of Hatizyo-zima volcano of cen t ra l Japan 
and t h o l e i i t i c rocks of Scottish Ter t ia ry Province f a l l within 
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ca lc -a lka l ine f i e l d . Kuno ( o p . c i t . ) accounted for the d i s -
crepancy i n the p l o t s of Hatizyo-zima volcano by the presence 
of abundant plagioclase phenocrysts i n these rocks. Though 
Kuno ( o p . c i t . ) does not define the nature of plagioclase 
phenocrysts in these rocks, presumably they are not such u e ^ 
c a l c i c . Plagioclase being/sol id so lu t ion of Ca and Na, abundance 
of -fc^fse c rys ta l s with r e l a t ive ly higher sodic composition 
wi l l increase Na?0 content in the chemical composition of the 
rock. Since Na20 alone, and not CaO, i s used in the MFA 
diagram, an increased value of Na90 w i l l have an appreciable 
effect i n causing a sh i f t of p lo t s towards 'a lkal i end member 
^\ 
and thus , in to the hypersthenic region on t h i s diagram, 
espec ia l ly for rocks of early and middle stage f rac t iona t ion . 
During the early stage of f rac t ionat ion, the boundary l i n e 
separat ing the two f i e lds l i e s nearly p a r a l l e l to Mg - Pe t i e 
l ine ,and the f ie ld of t h o l e i i t e s e r i e s during t h i s stage i s 
narrow. A l i t t l e increase in a lka l i content r e l a t i ve to MgO 
and PeO may cause the sh i f t of the points into the ca l c -
a lka l ine f ie ld from or ig ina l ly t h o l e i i t e f i e ld . Contrary to 
t h i s , there i s l i k e l y to be very l i t t l e effect of a l k a l i 
enrichment during l a t e stage of f rac t iona t ion as the boundary 
eurve separating the two f ields during t h i s stage i s almost 
P a r a l l e l to)Alkali-Fe t i e l i n e . 
However, when the discriminating boundary between ca lc -
a lka l ine and t h o l e i i t e basa l t s as proposed by I rv ine and 
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Baragar (1971) i s employed, ins tead of the one suggested by 
Kuno (1968), the pigeoni te rocks of Hatizyo-zima and the Scott ish 
Ter t ia ry Province completely p lo t in the t h o l e i i t e f i e l d . This 
may ind ica te the drawbacks of the Kuno's (1960) proposed 
discriminant boundary between pigeoni te and hypersthene rocks. 
However, the I rvine and Baragar*s (1971) divis ion l i n e also 
f a i l s to br ing out c l ea r ly the t h o l e i i t i c nature of the 
Copper Mine Biver lavas ; most of the points for these rocks 
f a l l in ca lc-a lkal ine region. Miyashiro (1974) concluded 
tha t MFA> diagram i s not sui table for quant i ta t ive discussions f 
on ca lc -a lka l ine and t h o l e i i t i c rock s e r i e s . 
• V . - 1 
The p lo ts of the Panjal Traps tha t l i e in, ca lc -a lka l ine 
f i e ld in Figure 9 are la rge ly governed by the high a l k a l i 
content of these rocks ra ther than the l imi ta t ions of the 
proposed discriminant boundary l i n e s . Even i f the analyses of 
the lower two porphyr i t ic flows, containing abundant plagioclase 
phenocrysts, are excluded from the p l o t s in Figure 9» most of 
the poin ts s t i l l l i e i n the ca lc -a lka l ine se r ies f i e l d . This 
does not support the view tha t abundance of plagioclase 
phenocrysts may sh i f t the points from ca lc -a lka l ine to t h o l e i i t e 
f i e ld as suggested by Kuno (1968). In the Paajal Traps, the 
p lagioclase phenocrysts may not have any effect en the p lo t s 
of these rocks on MFA diagram because of the highly ca l c i c j. 
composition of these c r y s t a l s . However, i f both Na^ O and K^ O 
are added, the proportion of the a l k a l i in t o t a l MFA w i l l be 
la rge and accordingly the shif t of the p lo ts wi l l be more 
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towards ca lc -a lka l ine f i e ld , p a r t i c u l a r l y during the ear ly 
stage of f rac t ionat ion of these rocks . This seems to explain 
f a i r l y well the p ic ture depicted by the Panjal Traps in 
Figure 9 . Alkali metasomatism appears to "be responsible for 
t h e i r p lo t s in ca lc -a lka l ine f i e l d . This fact i s fur ther 
supported by Figures 10 and 11 in which FepO + FeO and SiOj, 
respect ive ly are p lo t t ed against SI . The Panjal Traps occupy 
t h o l e i i t e f ie ld on these diagrams; enrichment of a l k a l i has 
ins ign i f i can t effect on the f ie lds of t h o l e i i t e and c a l c -
a lka l ine basa l t s in these diagrams. 
Typical t h o l e i i t i c nature of the Panjal Traps i s also 
evident by the p lo ts of Si02» Fe 2 0, + FeO, and Ti02 against 
FepO, + FeO/MgO ra t io as shown in Figure 12 a, b , and c. 
Figure 13 shows a l l oxides p lo t ted against So l id i f i ca -
t ion Index ( S I ) . The use of SI for the Panjal Traps, which 
represent early stage of fract ionat ion of magma, has the 
advantage over the c l a s s i c a l s i l i c a var ia t ion diagram, the 
former emphasises va r i a t i on to a la rge extent i n the ear ly 
s tage of f rac t ionat ion (Kuno, 1957) whereas the l a t t e r f a i l s 
to do so, ins tead, emphasises var ia t ion much more in the 
l a t e stage of f ract ionat ion (Wager and Deer, 1939; Poldervaar t , 
1949). Solidicat ion Index i s the percentage, of HgO im UFA 
diagram, I t i s accepted, in any f ract ionat ion trend p lo t t ed 
on MFA diagram, the composition of magma invariably changes 
thereby decreasing SI va lue . Kuno (1968) found close s imi la r i ty 
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"between h i s p lo t s of various oxides against SI and those of 
Wager (1960) plot ted against the percent so l id i f ied for 
successive l iqu ids of Skaergaard. Kuno (1968) expressed doubt 
about the propor t iona l i ty of SI iri th f ract ionat ion stage in 
other igneous s e r i e s . In the Panjal Traps MgO shows a steep 
downward l i n e a r t rend with the decrease in SI (Figure 13). 
As such use of SI, ins tead of SiOp , was preferred in Figure 13. 
I t may be expected that l a t e r enrichment of a l k a l i s 
in the Panjal Traps may not give t rue values of SI for these 
rocks and, therefore , p lo t s in Figure 13 may not depict the 
exact p ic ture of va r i a t ion of various oxides. In Figure 13, 
SI occupies ordinate based on MgO x 100/«ig0 + FepCU + FeO + \ \ 
Na20 + KpO. The amount of a lka l i s in comparison with the t o t a l 
amount of the const i tuents of denominator i s invar iably l e s s 
i n b a s a l t s or b a s a l t i c andesi tes , as also in the Panjal Traps 
(Table I I I ) . Farther , a l ka l i s do not have any separate posi t ion 
or en t i t y in SI as they have in MFA diagram where they form 
one end member. Hence, enrichment of a lka l i s wi l l have very 
l i t t l e effect on S I . For instance, ©a the basis of the 
average composition of the Panjal Traps (Table I I ) the SI 
value of the Panjal Traps i s 27 .01. wnen valaea for a l k a l i s 
of the Karroo basa l t s (Table I I ) , whoso chemical composition, 
especia l ly the percentage of t o t a l i ron and magnesium, i s 
c lose ly s imilar to tha t of the Panjal Traps, are subs t i tu ted 
for the values of a l k a l i s in the Panjal Traps, the SI value 
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comes to 27*31• Thus, such a small difference in SI may cause 
very l i t t l e l a t e r a l displacement of the p lo t s on oxide versus 
SI diagram towards lower SI leaving the t rend of the p lo t s 
unaffected. 
I t i s evident from Table I I I t ha t there i s no apparent 
systematic var ia t ion in the major oxide chemistry of the 
Panjal Traps. However, many features concerning the chemistry 
and the changes the re in with f rac t iona t ion of the Panja l magma 
are exhibited in Figure 13. Si0 2 shows a slow r i s e with 
decreasing SI; t o t a l i ron spreads widely for a given S I . 
AlpO-z do not show any pa r t i cu l a r t r end . MgO shows a d i s t i n c t 
and steep decrease with decrease in SI; CaO behaves s imi lar ly 
but the trend i s not so d i s t i n c t . Na^ O and Kfl show la rge 
s p a t t e r which supports the inference tha t a lka l i metasomatism 
has been random. Similar trends of various oxides are exhibited 
by the Panjal Traps when plot ted against t o t a l i r o n / t o t a l 
i ron + MgO (Figure 14) . 
Even with enriched a lka l i contents , the SI of the Panjal 
Traps ranges from 33 to 20.5 (Table I I I ) which, when consi-
dered i n t he i r t h o l e i i t i c nature, ind ica tes that these rocks 
are b a s a l t s and b a s a l t i c andesi tes . As most of the rocks 
have SI i n the range of 29 to 20, b a s a l t i c andesites are 
inferred to be most abundant rock type . 
\ r - / ' > 
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GEOCHEMISTRY: TRACE ELEMENTS 
Abundances and r a t i o s of v a r i o u s t r a c e e l e m e n t s have 
n o t o n l y been u s e d t o d e t e r m i n e t h e p a r e n t a g e o f r o c k t y p e s 
and m i n e r a l s b u t , i n b a s a l t i c r o c k s , t h e y have e s p e c i a l l y 
been w i d e l y u t i l i z e d t o r e v e a l c h a r a c t e r i s t i c s of s p e c i f i c 
magma t y p e s and t h e r e s u l t s i n t u r n e x t r a p o l a t e d t o g e t 
i n f o r m a t i o n about t h e magma s o u r c e and l a t e r a l i n h o m o g e n e i t y 
o r v e r t i c a l zon ing i n t r a c e e lement c h e m i s t r y of t h e m a n t l e . 
Such s t u d i e s have a l s o been found t o r e f l e c t on t h e b e h a v i o u r 
of v a r i o u s m i n e r a l s i n v o l v e d i n t h e b a s a l t g e n e r a t i o n d u r i n g 
t h e i r p a r t i a l m e l t i n g and a l s o g i v e i n f o r m a t i o n on t h e n a t u r e 
and amount of p a r t i a l m e l t i n g . 
Some e l e m e n t s have been u s e d i n d i v i d u a l l y f o r such 
s t u d i e s and o t h e r s i n p a i r s . For i n s t a n c e , on t h e b a s i s o f 
a b s o l u t e c o n c e n t r a t i o n o f Cr, Evans and Leak (1960) e s t a b l i s h e d 
t h e i g n e o u s p a r e n t a g e o f s t r i p e d a m p h i b o l i t e s from Connemera, 
I r e l a n d , and F a u s t e t a l . (1956) d i s t i n g u i s h e d s e r p e n t i n e s o f 
i g n e o u s o r i g i n from t h o s e d e r i v e d from metamorphism o f 
l i m e s t o n e s and d o l o m i t e s . S i m i l a r l y , q u a r t z - n o r m a t i v e t h o l e i i t e s 
have b e e n shown t o have l o w e r Cr c o n t e n t t h a n o l i v i n e - n o r m a t i v e 
t h o l e i i t e s and Cu and V c o n c e n t r a t i o n o f t h o l e i i t e s i s h i g h e r 
t h a n i n a l k a l i b a s a l t s ( P r i n z , 1967) . The two s i m i l a r d i v a l e n t 
+2 +2 
e l e m e n t s , Ni and Co , show d i v e r s e geochemica l b e h a v i o u r 
d u r i n g t h e f r a c t i o n a t i o n of t h e b a s a l t i c magma. Hi g o e s t o 
t h e s t r u c t u r e o f e a r l y o l i v i n e and o r t h o p y r o x e n e and i s r a p i d l y 
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depleted whereas Co, also fract ionated by o l iv ine and 
pyroxene, shows a gradual decrease. The Ni/Co r a t i o has been 
found to vary from 2.2 to 7.6 in primary magmas generat ing 
at d i f ferent depths during the p a r t i a l melting of mantle; 
values approaching!are found in the a l k a l i magmas of i j o l i t e 
and nephellne-syenite types that are produced by d i f fe ren-
t i a t i o n of primary magmas (Kogarko, 1973). Similar ly, Eb/Sr 
r a t i o of a lka l i b a s a l t s i s lower than t h o l e i i t e s ind ica t ing 
a high pressure or ig in of the former (Pr inz , 1967). Roe (1964) 
suggested that the ini t ia l -abundance va r ia t ion of Sr in basa l t i c 
rocks i s re la ted to the Bb/Sr r a t io of di f fer ing depths in the 
upper mantle; accurate measurements of Rb/Sr r a t io may be used 
to determine the depth of magma generat ion. Trace elements have 
also been used to determine the tec ton ic se t t ing of the lava 
eruption (Pearce and Cann, 1971, 1973; Winchester and Floyd, 
1975) • However, the use of t race elements for such types of 
s tud ie s , especial ly on volcanic rocks of older geological ages, 
i s s t rongly l imited by the a l t e r a t i o n of these rocks. * j
 fNi ?; 
Studies on chemical changes during various types of 
a l t e r a t i o n processes, such as ep idot iza t ion , e h l o r i t i z a t i o n , 
carbonization, ocean f loor weathering, and green-sehist 
facies metamorphism of basa l t i c rocks, have been done by many 
workers ( e . g . , Melson and Van Andel, 1966; Cann, 1969, 1970; 
Hart , 1970; Condie, 1977). Cann (1970) found that Ti , Zr, 
Y, and Nb are r e l a t i v e l y insens i t ive to secondary processes . 
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Cr, from i t s geochemical behaviour should also be fairly-
s tab le (Bloxam and Lewis, 1972). K and Rb are too mobile 
during a l t e r a t i o n processes . Sr, however, can be used with 
care (Pearce and Cann, 1973). In t roduct ion of a l k a l i s leads 
to an increase in K/Sr r a t io (Condie et a l . 1969). In a 
recent study on the ef fec ts of a l t e r a t i o n on element d i s t r i -
bution in Archaean t h o l e i i t e s , Condie (1977) found t ha t upto 
about ^0% carbonization and 60fo ep idot iza t ion of t h o l e i i t e , 
the i n t e rp re t a t i on of t race element models for magma generation 
are not appreciably affected. 
Since the Panjal Traps have not suffered carbonization 
(carbonates are very rare ly observed in these rocks) and 
epidot iza t ion i s far too l e s s than 60%, i t can reasonably be 
argued tha t the t r ace element data on these rocks may represent 
f a i r l y primary na tu re . However, the concentration of t r ace 
elements affected by the a lka l i enrichment may be anamolous 
as the Panjal Traps show evidence of a l k a l i metasomatism 
presumably by the l iqu ids from nearby exposed g r an i t i c 
i n t r u s i o n . 
In the preceding chapters, i t was suggested tha t the 
Panjal Traps are t h o l e i i t e b a s a l t s , r e l a t i v e l y l e s s basic in 
charac te r , and have been subjected to a l k a l i metasomatism after 
t h e i r s o l i d i f i c a t i o n . To subs tant ia te t h i s inference and also 
to determine tec tonic s e t t i ng of lava eruption, traee element 
analys is of these rocks was carried ou t . The t race elements 
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determined were accordingly selected to suit the purpose. 
The determination of trace elements was made on the same 
powders that were used for major oxide analyses. However, 
for trace element analysis, instead of analyzing different 
samples from a single flow and then deriving an average, 
as in the case of major oxides, equal portion of samples 
powders from various locations on a flow were thoroughly 
mixed in a mixer mill to obtain a representative sample 
powder of a particular flow for the analysis. In all thirty-
two samples, representing equivalent number of flows that 
were sampled on Mount Kayol, were analysed for Ni, Co, Cr, 
Cu, V, Zr, T, Nb, Ga, Ba, and Sr. 
Table IV shows the trace element composition of the 
Panjal Traps. Also included in this Table is the average 
•'• ' r ,- (',. 
t r a c e element composition of b a s a l t s (column 34) for comparison, 
wi th t h e t r a c e element composition of the P a n j a l T raps . ^ ° ^ "•' 
I t i s evident from Table IV t h a t Ni , Co, and Sr values of 
t he P a n j a l Traps are much lower than the average for these 
elements i n the b a s a l t s . Cr i s a l so lower than the average 
for b a s a l t s but not to the extent of Ni , Co, or Sr. Zr, Ca, 
and Ba are higher whereas Y i s much higher , Kb has except ional ly 
very high concentration. The elements which shows c l o s e 
s i m i l a r i t y are Zr and Qa. 
The amount of Ni i n the P a n j a l Traps ranges from 7-56 ppm 
with a mean value of 32 ppm. Ni i n b a s a l t i c rocks i s mainly 
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f ract ionated by o l iv ine and to a l e s s e r extent "by ear ly 
pyroxene (Vogt, 1923; Wager and Mi tche l l , 1951; Storm and 
Holland, 1957; Turekian, 1963). Co, which also enters the same 
minerals as Ni, has a range from 0 - 4 0 ppm and a mean value 
of 15 Ppm. Since o l iv ine i s absent i n the Panjal Traps of 
Lidderwat area, both Ni and Co may then be present i n the 
pyroxene phase of these rocks. The lower values of these e l e -
ments may suggest t ha t the magma was impoverished in these 
elements at the time of eruption; same may be t rue for Cr. 
Olivine do not incorporate Cr in i t s s t ruc ture (Turekian, 
1963). I t i s la rge ly fract ionated by early pyroxenes (Wager 
and Mi tche l l , 1951; Turekian, 1963; McDougall and Lovering, 
1963) • Thus, lower Cr content i n the Panjal Traps ind ica t e 
that not only o l i v ine , but some amount of pyroxene may as 
well have separated from the l iqu id before i t s eruption 
occurred. Sueh a suggestion goes well with the lower magnesium 
content and r e l a t i ve ly evolved mineral assemblage of these 
rocks . Ga in b a s a l t i c rocks i s present in the highest amount 
in the feldspars , mainly plagioclases (Heier, 1962; Wager and 
Mitchel l , 1951). In plagioclase Ga replaces Al, an increase 
in Ga content in l a t e plagioclases would be expected (Vager 
and Mitchel l , 1951). However, Pr inz (1967) found tha t Ga 
increase l i t t l e with f rac t ionat ion . The r e l a t i ve ly higher 
values of Ga in Panjal Traps, especia l ly Flow Hos. 1, 2, 24, 
28, and 32 which are r e l a t ive ly r ich in p lagioc lase , i s 
consis tant with t h e i r composition. Zr enters early and middle 
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pyroxenes (Wager and Mitchell , 1951; Rose and Cornwall, 1957; 
Wilkinson, 1959) and increases with the f ract ionat ion (Rose 
and Cornwall, 1957; P r inz , 1967). The Zr content of the Panjal 
Traps ranges from 73 to 164 PPm with an average value of 
113 ppm. Zr, in the Panjal Traps i s probably la rgely concen-
t ra ted in the apa t i t e c rys ta l s because t h i s mineral contains 
considerable amount of Zr (Prinz, 1967). The high content 
3f Y may he explained by i t s tendency to increase with 
i i f f e r e n t i a t i o n ; quartz-normative t h o l e i i t e s contain more Y 
bhan early stage olivine-mormative t h o l e i i t e s (Pr inz , 1967). 
I i n the Panjal Traps may be concentrated in apa t i t e c rys t a l s 
since apa t i t e contains 10 times more Y than clinopyroxenes 
(Wilkinson, 1959). Y i s also abundant in magnetite and 
i lmeni te (Rose and Cronwall, 1957). 
Wager and Mitchell (1951) found tha t the amount of Cu 
tha t enters o l iv ine , pyroxene, plagioclase and i ron ores i s 
l e s s than in the l i q u i d . I t , therefore , accumulates in the 
res idua l magma t i l l the sulphide phase developes (Ringwood, 
1955 a ) . At th i s stage Cu gets strongly fractionated and the 
concentration s t a r t s to decl ine . Plagioclase and i ron ores of 
l a t e fract ionation stages contain highest amounts of Cu possibly 
due to e a r l i e r separation of sulphide phase in the middle 
stage (Pr inz , 1967). In the Panjal Traps, Cu content ranges 
from 90 - 346 ppm with a mean value of 197 Ppm. Such high 
values indica te r e l a t i ve ly evolved nature of the m^gma. The 
often observed pyr i t e cubes in the Panjal Traps suggest that 
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the f rac t ionat ion of magma had reached the early stage of 
separat ion of sulphide phase at the time of erupt ion. 
V mainly goes to the s t ruc ture of magnetite and to a 
l e s s e r extent pyroxenes (Pr inz, 1967). The concentration of 
Y increases with f rac t ionat ion i n t h o l e i i t e magmas whereas 
i t decreases in ca le -a lka l ine rock s e r i e s (Miyashiro, 1974). 
The Panja l Traps contain an average of 378 ppm V with a 
range of 201 - 505 ppm. Such a high value may also suggest 
d i f fe ren t ia ted character of the magma. 
Nockolds and Allen (1953), Liebenberg (1960), Heier 
and Taylor (1964), Taubeneck (1965), Gast (1965), and Pr inz 
(1967) found that Rb increases with d i f fe ren t i a t ion of b a s a l t i c 
magma. Rb prefers K-feldspar to p lagioclase (Heier, 1962) and 
both Rb and K being incompatible elements, are enriched i n 
the res idua l l iqu id during the f rac t ionat ion of bas ic magma. 
Ba, l i k e Rb, shows a s imilar behaviour with f rac t iona t ion but 
the increase i s low (Wager and Mitche l l , 1951; Nickolds and 
Allen, 1953; Wilkinson, 1959; Pr inz , 1967). I t i s mainly 
concentrated in fe ldspars , feldsPathoids, and to a small extent , 
i n a p a t i t e . Cornwall and Rose (1957) found a s ign i f i can t 
amount of Ba in clinopyroxenes and ch lor i tes . Highly calc ic 
plagioc lases ( anor th i t e and bytownite) and highly sodic 
plagioclase ( a lb i t e ) have considerably l e s s Ba. Oligoclase 
through labrodor i te , i . e . , p lagioclases with high K-content, 
have high Ba concentration (Heier, 1962) which ind ica tes strong 
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mutual coherence of these elements. 
Wagar and Mitchell (1951) suggested tha t Sr behaves as 
an incompatible element u n t i l about 60# s o l i d i f i c a t i o n of 
b a s a l t i c magma and then the concentration decreases . Turekian 
and Kulp (1956) supported t h i s inference on the evidence of 
decreasing Ca/Sr r a t i o i n the res idua l l i q u i d . But ler and 
Skiba (1962) showed tha t intermediate p lag ioc lases , which 
have high K and Ba contents , also have highest Sr con ten t s . 
This may be due to the subs t i tu t ion of Sr for K as well as 
for Ca, a pat tern s imi la r to Ba. Sen (1960) suggested tha t 
t h i s subs t i tu t ion occurs at high temperatures. Pr inz (1967) 
a f t e r reviewing the data on Sr i n various ba sa l t i c mineral 
phases, suggested tha t r e l a t ive ly low values of Sr in highly 
ca lc ie and sodic plagioclases may be re la ted to the a v a i l -
a b i l i t y of Sr in the l i q u i d . Heier and Taylor (1964) noted 
high Sr values in many alkal ine rocks. 
In the l i gh t of the above inferences of various authors 
regarding the concentration of Rb, Ba, and Sr in d i f fe ren t 
types of basa l t s and various mineral phases of b a s a l t , and 
also t h e i r behaviour during f rac t iona t ion , i t may bo oaggooteft 
t h a t , considering t h o l e i i t i c l ineage , the high, contents of 
Rb (mean = 76 ppm) and Ba (mean = 396 ppm) found i n t h e P a a j a l 
Traps a re most l i k e l y associated with a lka l i metasomatism of 
these rocks for which there are ample petrographic and chemical 
evidence. Liquids from gran i t i c in t rus ion that have invaded 
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these rocks at a l a t e r stage af ter t h e i r so l i d i f i c a t i on may-
have carr ied s igni f icant amounts of Eb and Ba. Like random 
enrichment of Na and K, both Rb and Ba have also been concen-
t r a t e d unsystematically since there i s no regular p a t t e r n in 
the increase or decrease of these two elements with successive 
flows from the base to the top of the lava sequence. Further, 
support to the view tha t Rb and Ba along with Na and K, have 
been added from extraneous source i s provided by the increase 
in such r a t i o s as K/Sr and Rb/Sr in these rocks. Sr being much 
lower than Rb and Ba in the g ran i t i c l i qu ids may not have 
enriched the Panjal Traps (mean Sr = 173 ppm); t h i s explains 
high K/Sr and Rb/Sr r a t i o s (Table IV). 
Nature of Magma 
Since Ni, Co, and Cr have been shown to represent depleted 
concentration in the Panjal Traps due to early separat ion of 
o l iv ine and a par t of pyroxene, these elements may not give 
r e l i a b l e information about the nature of the primary magma of 
these lava rocks. However, high values of Cu, V, and lower Sr 
contents suggest t ha t these rocks are t h o l e i i t i c . Same i s 
suggested by high T/Nb r a t i o which i s more than 8 (Table IV). 
Winchester and Floyd (1975, 1976) found that the plots 
of abundances and ratio of Ti, P, Zr, Y, and Kb, known to be 
chemically s table during a l t e r a t i on and low grade metamorphisa , 
can be used to d i s t ingu ish t h o l e i i t e s from a l k a l i basa l t s . 
Figure 15 shows the p lo t s of (a) Nb/Y against Zr/P 20 5 , (b) P 20 5 
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against Zr, and (c) Ti02 against Zr/P205 for the Panjal Traps. 
On a l l these diagrams the Panjal Traps l i e d i s t i n c t l y i n 
t h o l e i i t i c f i e ld . 
Miyashiro and Shido (1975) discussed the behaviour of Ti, 
V, Cr, and Ni during the f ract ionat ion of t h o l e i i t i c and ca l c -
a lka l ine ser ies and found that the two rock ser ies can be 
dis t inguished by these elements. In t h o l e i i t e ser ies V behaves 
l i k e i ron and t i tanium; i t f i r s t increases and then, a f t e r 
a t t a in ing a maximum, s t a r t s to dec l ine . In ca lc-a lka l ine se r ies 
Y continues to decrease rapidly with the progress of d i f fe ren-
t i a t i o n . Cr and Ni show almost s imi lar decrease in both t h o l e i i t e 
and ca lc -a lka l ine s e r i e s . However, both Ni and Cr contents of 
t h o l e i i t e ser ies are higher than that of ca lc-a lka l ine s e r i e s . 
V - Cr, V - Fe205+ FeO/MgO and T i0 2 - Pe20^- FeO/MgO 
diagrams for the Panjal Traps are p lo t t ed on Figure 16a, 16b, 
and 16 c respect ive ly . In these diagrams the majority of the 
points f a l l i n t h o l e i i t e region ( c ) . Some points tha t l i e in 
mixed f i e ld of t h o l e i i t e and ca lc -a lka l ine rocks represent 
rocks with l e s s than 2.5 Fe20,+ FeO/MgO r a t i o . For t h i s range 
of Fe20»+ FeO/MgO r a t i o , the two rock types are ind i s t ingu i sh -
able on these diagrams (Miyashiro and Shido, 1975). However, i n 
Figure 16b, a trend tending towards an increase i s d i scern ib le 
which, i s a c h a r a c t e r i s t i c feature of t h o l e i i t i c rocks (Miyashiro 
and S h i d o , o p . c i t . ) . Dis t inc t ive t h o l e i i t i c nature of the Panjal 
Traps i s also shown by Si02-Cr diagram in Figure 17. 
Table V shows a comparison of Rb, Ba, and Sr values of 
the Panjal Traps with the t h o l e i i t e s of various t ec ton ic 
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A B C D S F 
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environments and a lka l i b a s a l t s . I t i s seen that Ba content of 
the Panjal Traps i s higher than a l l the t h o l e i i t e s but lower 
than a l k a l i ba sa l t s ; Kb i s much higher than a l l ba sa l t s 
whereas Sr shows resemblance only with submarine t h o l e i i t e s . 
However, Rb and Ba contents of the Panjal Traps may be anamolous 
as these elements are l i ke ly to have been enriched during 
a l k a l i metasomatism, and hence these elements may not be use-
ful i n deciphering the nature of the magma. These rocks show 
s ign i f i can t ly higher Ca/Sr, Rb/Sr, and K/Sr ra t ios than the 
contenental t h o l e i i t e s . 
Table Y shows tha t the Panjal Traps are low i n Sr values 
when compared to cont inental t h o l e i i t e s . Similar low Sr values 
are observed in Jurass ic t h o l e i i t e s from Antarctic ( the Fer rar 
do le r i t e s ) and Tasmania (Heier et a l . , 1965; Gunn, 1966; 
Compston e t a l . , 1968) and Wyoming PreCambrian diabase dikes 
(Condie et a l . , 1969). 
Green and Ringwood (1967c) suggested that b a s a l t s 
f rac t iona te along two trends r e l a t i v e to Sr . Condie e t a l . 
(1969), based on the avai lable data i n the l i t e r a t u r e and t h e i r 
work on Wyoming diabases, support the suggestion of Green and 
Ringwood and designated these twa t reads as "moraal-Sr 
f rac t iona t ion trend" which charac ter i se most b a s a l t s , and 
"Sr-deplet ion f rac t ionat ion tread" which l a c h a r a c t e r i s t i c of 
the Ju ra s s i c t h o l e i i t e s from Antarct ica and Tasmania, and 
P recambrian t h o l e i i t e s from Wyoming, and also a l l submarine 
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t h o l e i i t e s . Comparison of the average Sr values for the Panjal 
Traps with other t h o l e i i t e s (Table V) ind ica tes tha t the 
Panjal Traps have Sr-depleted na ture . Condie et a l . (1969), 
who noted the s im i l a r i t y between Sr-depleted cont inental 
t h o l e i i t e s and submarine t h o l e i i t e s , suggested tha t the 
coincidence of the t rends may ind ica te a genetic r e l a t i o n -
ship between the two. 
Green and Ringwood (1967c) accounted for the Sr-
depleted character of Tasmanian and Antarct ic t h o l e i i t e s by 
shallow wall rock react ion of these magmas. Compston et a l . 
8T 86 (1968), on the bas is of t h e i r study on Sr /S r of these 
rocks, support the view of Green and Ringwood, Condie et a l . 
(1969)t however, pointed out that i f shallow wall rock reac-
t ion i s important to account for the Sr-depletion of Tasmanian 
and Antarct ic t h o l e i i t e s , i t i s necessary to account for the 
absence of Sr-depletion in most t h o l e i i t e sui tes since a l l 
t h o l e i i t e s must f rac t iona te at shallow depths to preserve 
t h e i r t h o l e i i t i c character (Green and Ringwood, 1967c; Kushiro, 
1968) • For s igni f icant shallow wall rock react ion, l a rge 
amounts of heat must be supplied to the surrounding rooks; 
mass t r ans f e r of magma may provide a source for sw«m heat 
(Gast , 1968). However, Condie e t a l . (1969) pointed out that 
ch i l l ed contacts of Wyoming diabase dikes do not favour shallow 
wall rock reaction model to explain Sr-deplet ion i n these 
rocks* 
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Condie et a l . (1969) invoked extensive plagioclase 
c r y s t a l ! zation from a Ca - Al r ich primary t h o l e i i t e magma 
to explain the Sr-deplet ion of the Wyoming diabases. The Ca -
Al r i ch primary magmas envisage the existence of Ca - Al 
r ich ul tramafie source areas in the upper mantle ( Condie et 
a l . , 1969). They noted the apparant convergence of the normal-
Sr and Sr-depletion t rends a t low K which implies tha t the 
primary Ca - Al r ich magmas possess s imi la r Sr d i s t r i b u t i o n 
to those of "normal" primary t h o l e i i t e magmas. They accounted 
t h i s by the recent p a r t i t i o n coeff ic ient estimates of Grast 
(1968) and Stueber (1968). The data of Gast and Stueber 
ind ica te that although K, Eb, Ba and Sr are concentrated in 
clinopyroxenes r e l a t ive to orthopyroxenes and o l i v i n e , these 
minerals do not appreciably f rac t ionate K, Kb, Ba and Sr; 
hence, i t should be possible to have approximately the same 
i n i t i a l K/Sr and Rb/Sr ra t ios in the upper mantle source area 
tha t i s clinopyroxene r ich (Ca - Al r ich) as in the one that 
i s clinopyroxene poor. 
Condie et a l . (1969) suggested tha t more than 75# 
plagioclase must c r y s t a l l i z e to produce noted K/Sr and Rb/Sr 
r a t i o s i n the Wyoming diabases. They opined tha t tautLjmtm of 
some of the Wyoming diabase dikes (leopard-rock dikes) , 
containing as much as 75£ largo ( 2 - 5 em) plagioclase 
phenocrysts , may offer some support fo r the model. 
69 
The model of plagioelase crystallization at first seems 
to offer a convincing explanation for the Sr-depleted charac-
ter of the Panjal Traps since the lower two flows are 
porphyritic with as large as 1 .75 cm plagioclase phenocrysts. 
Plagioclase is the sole phenocryst phase observed in these 
lower porphyritic flows. Accepting Condie et al. (1969) model, 
these lower two flows must show very high concentration of 
Sr relative to the rest of the flows, But, from Table IV, it 
is evident that instead of showing high values these two 
flows have lower Sr contents than many of the other flows 
in the sequence. This is probably due to the highly calcic 
(An,-g-An ) composition of the plagioclase phenocrysts which 
have been shown to incorporate less amount of Sr (Butler 
and Skiba, 1962). Thus, the extensive plagioclase crystalliza-
tion model does not seem to explain the Sr-depleted character 
of the Panjal Traps. Also, the early crystallization of 
plagioclase in the Panjal Traps may be related to the polybaric 
evolution of these lava rocks, as discussed earlier, rather 
than due to an original Ca - Al rich parent magma. 
Turekian and Kulp (1956), OH the other hand, reported 
pronounced regional variation of Sr in basaltic rocks which 
they ascribed to small dispersion of Sr values in most 
provinces, marked differences in regional averages,lack of 
covariance of Sr and Ca, and laek ©f magmatie differentiation. 
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Plagioclase in the b a s a l t i c rocks contains most of the Sr, 
r e l a t i v e l y large difference of Sr values in the plagioclase 
in d i f ferent provinces indicates a regional va r ia t ion of Sr 
in primary magma. Ini t ial-abundance var ia t ion of Sr i n 
b a s a l t i c rocks i s b e t t e r documented than for any other 
element (Pr inz, 1967). 
Thus, i t appears tha t the Sr-depleted character of the 
Panjal Traps may reasonably be accounted by the Sr-depleted 
mantle source of these l avas . In view of the c r i t i c a l 
evaluation and fa i lu re of the shallow wall rock reac t ion 
model the possible cause for the Sr-deplet ion of Antarct ic 
and Tasmanian t h o l e i i t e s may be the o r ig ina l Sr-depleted 
nature of primary magmas. Also, unless the plagioclase 
porphyr i t i c Leopard dikes of Wyoming do show higher Sr con-
t e n t s than the analysed non-plagioclase porphyri t ic rocks 
of these diabases, i n i t i a l Sr-depletion model may apply to 
these rocks as we l l . I f such an explanation proves s a t i s -
factory for the Sr-depleted t h o l e i i t e s of both cont inenta l 
and submarine environments, the occurrence of such t h o l e i i t e s 
may offer a direct method of mapping the d i s t r i bu t ion , both 
i n space and time, of Sr-depleted ul t ramafic source areas i n 
the upper mantle. 
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PETBD GENESIS 
Lack of g e n e t i c r e l a t i o n s h i p be tween a l k a l i and 
t h o l e i i t e magmas h a s b e e n s u g g e s t e d e x p l i c i t l y o r i m p l i c i t l y 
by s e v e r a l a u t h o r s (Kuno, 1959? O ' H a r a , 1965? Green and 
Ringwood, 1967c; K u s h i r o , 1968 ) . Kuno (1959) and D i c k i n s o n 
and H a ^ t h e r t o n (1967) have s u g g e s t e d , from g e o l o g i c and 
c h e m i c a l r e l a t i o n s t h a t a l k a l i b a s a l t s o r i g i n a t e d e e p e r i n 
t h e m a n t l e t h a n t h o l e i i t e b a s a l t s . The e x p e r i m e n t a l work 
o f Green and Ringwood (1967c) and K u s h i r o (1968) t e n d t o 
s u p p o r t t h e e a r l i e r s u g g e s t i o n of Kennedy (1966) t h a t 
p a r t i a l m e l t i n g i s s t r o n g l y l i m i t e d by p r e s s u r e . Gas t ( 1 9 6 8 ) , 
from t h e s t u d y o f t r a c e e lement f r a c t i o n a t i o n o f a l k a l i and 
t h o l e i i t e b a s a l t s , i n f e r r e d t h a t t h o l e i i t e b a s a l t s a r e 
p r o d u c e d by e x t e n s i v e (20-30$) p a r t i a l m e l t i n g o f m a n t l e 
m a t e r i a l whereas s i l i c a - u n d e r s a t u r a t e d l i q u i d s o r i g i n a t e 
by a much s m a l l e r d e g r e e o f p a r t i a l m e l t i n g ( 3 - 7 $ ) . G r i f f e n 
and Murthy (1969) have s u p p o r t e d t h e i n f e r e n c e of Gast (1968) 
on t h e b a s i s of t h e d i s t r i b u t i o n of K, Rb, S r , and Ba i n 
b a s a l t i c m i n e r a l s . However, t h e y s u g g e s t 5-10$ of p a r t i a l 
m e l t i n g f o r t h e g e n e r a t i o n of a l k a l i magmas. D e r i v a t i o n o f 
t h o l e i i t e magmas t h r o u g h e x t e n s i v e p a r t i a l m e l t i n g o f m a n t l e 
m a t e r i a l i s g e n e r a l l y a g r e e d . 
U l t r a m a f i e n o d u l e s o c c u r s p o r a d i c a l l y i n u n d e r -
s a t u r a t e d b a s a l t i c r o c k s . Such i n c l u s i o n s do n o t o c c u r o r 
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are extremely rare i n t h o l e i i t e s (Forbes and Kuno, 1965). 
Griff en and Murthy (1969) account for the abundance of 
ul t ramafic inclusion in undersaturated magmas by the extent 
of p a r t i a l melt ing. In undersaturated magmas, where only a 
few percent of l iqu id i s present , the remaining so l id i s 
more l i k e l y to r e t a in enough coherence to form inc lus ions , 
especia l ly i f melting involves one or two dimensional hydrous 
phases. On the other hand, at higher degrees of melt ing, as 
the pyroxene and o l iv ine begin to melt along grain boundaries, 
the rock might tend to break up in to individual grains whose 
fur ther assimilat ion may be eas i ly affected. 
Presence of ul t ramafic inclusions and xenocrysts of 
various minerals i n b a s a l t i c rocks have been considered to 
r e f l ec t mantle composition and the stage of magma evolution 
under polybaric condi t ions . Where such nodules are en t i r e ly 
lacking, as in the case of Panjal Traps, evidence regarding 
the genesis of magma may be sought e i t h e r through experimental 
approach or by assessing chemical va r i a t ions of the observed 
and inferred phenocryst assemblages. In the following d i s -
cussion, besides f i e l d , microscopic, and chemical data, 
petrogenesis of the Panjal Traps i s discussed in the l i g h t 
©f known implications of experimental investigations of various 
workers. 
Though a few reported occurrences of very small highly 
differentiated members of the Panjal Traps, e .g . , rhyo l i t e s 
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from Srinagar (Ganju, 1943; Ganju and Rajnath, 1939; Wakhloo, 
1969) f i t well with the standard model of ba sa l t i c magma 
d i f f e ren t i a t ion where the volume of the more evolved members 
of the b a s a l t - r h y o l i t e se r ies decreases with the progressive 
d i f f e ren t i a t ion , lack of u l t r abas ic and also paucity of basic 
v a r i e t i e s ( the common rock type i s basa l t i e -andes i t e ) in the 
Panjal Traps need considerat ion. Fur ther , the absence of 
ul t ramafic nodules and ol ivine appears to have an important 
bearing on the or ig in and evolution of these rocks. 
The important observation about the chemistry of the 
Panjal Trap i s tha t these rocks are l e s s basic in average 
bulk composition. This may indicate t ha t these lavas e i t he r 
represent a l e s se r degree of p a r t i a l melting of pe r iodo t i t e 
mantle mater ial in the source region, or that they have 
undergone greater degree of f ract ionat ion of ferro-magnesian 
minerals during ascent , or some combination of both. Smaller 
degree of p a r t i a l melting i s incons is ten t with t h e i r t h o l e i i t i c 
charac ter since i t i s accepted on a l l hands tha t t h o l e i i t e 
magmas or ig ina te by extensive p a r t i a l melting of mantle 
mater ia l (Gast, 1968; Griffen and Murthy, 1969). Ins tead , 
i f t h i s i s primarily due to grea te r degree of f rac t iona t ion , 
then a slow ra te of ascent i s implied. This i s cons is tent 
with the absence of ultramafic inc lus ions and xenocrysts i n 
the Panja l Traps and also with t h e i r o l iv ine free n a t u r e . 
Strong (1972) has suggested that l a rge high-density p e r i d o t i t e 
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inclusions in the La Gri l le lavas, Grande Comore, r e f l ec t 
f a s t e r r a t e of magma ascent . 
Many features of the Panjal Traps lead one to suspect 
that they have evolved "by a continuous f ract ional c r y s t a l l i -
zation of the parental basa l t magma. There are, for example, 
no compositional gaps in the sequence as a whole as i s seen 
by the c lus te r ing of points for these rocks within a small 
region on different va r i a t ion diagrams. Also, there i s no 
s ign i f ican t l a t e r a l va r i a t ion in the composition of a s ingle 
flow as i s evident from the closely s imi la r values of different 
oxides (Table VI). Further, the uniformity of chemical compo-
s i t i o n on regional scale i s indicated by the s imi la r i ty in 
the composition of these rocks from different regions of Kashmir 
as shown i n Table VII . MgO i s l e s s in a l l the samples. Na~0, 
KpO, Rt) a n d Ba in rocks of Nishat and Harwan are high. Both 
Nishat and Harwan are near Kangan g ran i t e . This again supports 
the e a r l i e r inference tha t a lka l i metasomatism by grani te 
l iqu ids have enriched the a lka l i content of the Panjal Traps 
i n Lidderwat area. 
The generally close re la t ionship between phenocryst 
assemblages and the chemistry of these rocks seems to ind ica te 
tha t c rys t a l - l i qu id equ i l i b r i a have control led the evolution 
of these rocks. A petrogenet ic model for the Panjal Traps may 
be to envisage the extensive p a r t i a l melt ing of mantle to 
generate basic l i q u i d s . As the magma s t a r t ed ascend to c rus t a l 
r e se rvo i r s , i t cooled to the c r y s t a l l i z a t i o n temperature of 
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o l iv ine , and th i s mineral s ta r ted to form. These o l iv ine 
phenocrysts may have s e t t l ed fas te r than the ra te of r i s e 
of the enclosing magma, which appears usual ly to be qui te 
slow from the zone of magma generation to the shallow re se r -
vo i r s (Macdonald, 1968) and in consequence of slow ascent 
ex t rac t ion of ol ivine may have been complete. Along with 
o l i v i n e , some pyroxene may also have c rys ta l l ized and separa t -
ed. This probably resul ted in the deplet ion of magnesium and 
some i ron re la t ive to calcium and aluminium in the res idua l 
magma tha t reached the shallow re se rvo i r s . At shallow depths, 
re lease i n pressure may have caused the escape of v o l a t i l e 
cons t i tuen ts that are largely comprised of water. This caused 
explosive eruption and presumably resul ted in the formation 
of pyroc las t ic mater ia l on the surface . Easy a v a i l a b i l i t y of 
calcium and aluminium, under decreased p a r t i a l water pressure , 
may have favoured the p rec ip i ta t ion of more calcic plagioclase 
in preference to pyroxene. These c ry s t a l s along with the 
l iqu id erupted at the i n i t i a l stages of volcanism and formed 
the lower porphyri t ic flows. The eruption of the Panjal lava 
appears to have occurred with a steady and continuous flow 
towards the surface. Conditions were probably such tha t near-
perfect f rac t ionat ion (implying a slow r a t e of ascend) operated 
almost throughout and gave r i se to uniform lava type almost 
devoid of phenocrysts. 
7 7 
From laboratory studies of meltla^f^»X«iH-ortBnips, Green 
and Ringwood (1967c) concluded that l i qu id derived from a 
mantle of general pe r iodot i t e or p y r o l i t e (duni te-basal t ) 
compositions under pressure from 30-40 Kb and high degree of 
p a r t i a l melting would be of t h o l e i i t i c composition with 20# 
or more of normative o l iv ine in so lu t ion . O'Hara (1965)» 
following a similar approach on Hawaiian b a s a l t s , also 
concluded that the primary magma must be undersaturated 
o l iv ine t h o l e i i t e , and tha t the s i l i c a - s a t u r a t e d t h o l e i i t e s 
r e s u l t them the f rac t ionat ion of o l iv ine t h o l e i i t e magma 
during i t s r i se to the surface. Macdonald (1968) opined that 
the majority of the v i s i b l e t h o l e i i t i c lavas of Hawaii may 
not represent the parent t h o l e i i t e magma as originated in 
the mantle. He fur ther , suggested tha t the recognised masses 
of very dense mater ia l with high seismic ve loc i t i es beneath 
the summit regions of most of the Hawaiian volcanoes 
(Kinoshita , 1965; Kinoshita and Okamura, 1965; Adams and 
Furumoto, 1965) and the areas of high gravity along the r i f t 
zones of volcanoes (Kinoshita, 1965; Strange, Machesky, and 
Wop-lard, 1965) are most l i ke ly bodies of ol ivine cumulates 
ma*, were formed by the lagging behind of heavy phemocrysts 
in the r i s i n g magma. Macdonald (1968) fur ther suggested tha t 
the o l iv ine phenocrysts present in Hawaiian t h o l e i i t e s 
represent the excess amount of o l iv ine to i t s s toichiometric 
r a t i o tha t has fa i led to react with surrounding l iqu id and 
become transformed in to Pyroxene before consolidation of the 
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magma. I f reaction were carried to completion, most of the 
v i s i b l e t h o l e i i t i c rocks of Hawaii would be o l iv ine f ree . 
Murata and Richter (1966) have considered that most ol ivine 
r i ch lavas of 1959 A.D. eruption of Kilauea resulted from the 
entrainment of o l iv ine that were eroded by unusually rapid 
flowing magma from a cumulate mass within the magma chamber 
of the volcano. 
Cox et a l . (1967) suggested tha t ol ivine free t h o l e i i t e s 
of Nayamandhlovu and Featherstone, South Africa have flowed 
long distances from the source areas , implying tha t g rea te r 
time was available to complete the react ion between o l iv ine 
and res idual l i qu id . In the process, o l iv ine was reacted off 
from the mineral assemblage. 
The low pressure experimental data on basal t f ract iona-
t ion ind ica tes that any one of o l i v ine , clinopyroxene, or 
p lagioclase may be the f i r s t mineral phase to separate out 
from the magma. Within a small temperature in t e rva l a l l three 
phases wi l l eventually c rys t a l l i z e from the l i q u i d . However, 
in t h o l e i i t e magmas, because of react ion re la t ionship between 
o l iv ine and pyroxene, c r y s t a l l i z a t i o n of ol ivine f ina l ly 
ceases . The presence of only calcic plagioclase phenocrysts 
in the lower two porphyr i t ic flows of the Panjal Traps may, 
thus , indicate that the composition of the magna tha t reached 
shallow reservoirs a f t e r the separat ion of oi lvine, and under 
low p a r t i a l watee pressure has d ic ta ted the p rec ip i t a t ion of 
ca lc i c plagioclase as the f i r s t phase to separate out from 
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the l i q u i d . Clinopyroxene, that occurs as microphenocrysts, 
has formed l a t e r . This i s further supported by the r e s u l t s 
of 's imple basalt system1 which shows tha t f rac t ionat ing 
l i qu ids lying within the primary phase volume of f o r s t e r i t e 
wi l l produce plagioclase as the second phase, i f they are 
r e l a t i v e l y r ich in normative plagioclase , and wi l l p r e c i p i t a t e 
diopside, i f they are r e l a t ive ly poor in anor th i t e . 
Cox et a l . (1967) have d i f fe ren t ia ted between the 
phenocrysts that separate f i r s t and form cumulates and those 
tha t do not occur as cumulates, ins tead they show signs of 
s k e l e t a l c r y s t a l l i z a t i o n . To the f i r s t they named "f rac t iona-
t i n g phenocrysts**; they represent phases responsible for the 
f rac t ionat ion of the magma. The second type, "non-fractionating 
phenocrysts", may be defined as c rys t a l s which are s i g n i f i -
cant ly l a rge r than the groundmass c r y s t a l s but have not 
separated from the l iqu id in which they formed. They form 
during the r e l a t ive ly rapid cooling which accompanies or 
immediately precedes the eruption of the magma. On the basis 
of t h i s def ini t ion of the two types of phenocrysts, the 
infer red olivine and l i t t l e pyroxene cumulates that presumably 
s e t t l e d in the magma chamber i t e e l f and the plagioclase 
phenocrysts that occur in c lus te rs a t the base of the Panjal 
lava flow sequence may be called " f rac t ionat ing phenocrysts" 
whereas clinopyroxene microphenocrysts tha t occur throughout 
the whole sequence of lava beds and also the plagioclase of 
aphyric flows (Flow nos . 3-32) form "non-fractionating 
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phenocrysts". Since these rocks are la rge ly const i tuted of 
early and lower-middle stage members of basa l t - rhyo l i t e s e r i e s , 
t h e i r evolution appears to be la rge ly controlled by the early 
separat ion of o l i v i n e . The c r y s t a l l i z a t i o n of small amount of 
p lagioclase as large phenocrysts did not s igni f icant ly 
affect fur ther change i n the composition of magma. 
The amount of infer red accumulation of o l iv ine implies 
tha t the trend of the curve for magnesium for tha t por t ion may 
be steep and solely control led by the separation of o l iv ine 
(and may be l i t t l e pyroxene). The known portion of the curve 
for MgO, and also CaO (Figures 13 and 14) i s control led by 
the c r y s t a l l i z a t i o n of plagioclase and clinopyroxene; t h i s 
agrees well with the present mineralogy of these rocks . A 
s imi l a r conclusion was reached by Macdonald and Katsura (1964) 
for the Hawaiian t h o l e i i t e ser ies ,and by Kuno (1968) for the 
Karroo, Pal isades and Dil lsberg S i l l s where the steep port ion 
of the var ia t ion curve for MgO was a t t r ibu ted to o l iv ine 
accumulation and other par t to the separation of o l iv ine and 
pyroxene. In the case of the Panjal Traps the nature of the 
va r i a t i on curve for the early par t i s based purely on inference 
drawn from the ex i s t i ng type of mineral phases and the bulk 
chemistry of these rocks . Such an inference i s favoured by 
the low contents of Ni, Co and Cr in these rocks since these 
elements are incorporated in the s t ruc tu re of o l iv ine and 
early pyroxene. 
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ENVIRONMENT AND TECTONIC SET-UP OP ERUPTION 
Bion (1928) o b s e r v e d t h a t t h e topmost l a y e r o f t h e 
A g g l o m e r a t i c s l a t e i m m e d i a t e l y below t h e P a n j a l T raps i n 
Ko laha i -Basma i a r e a c o n t a i n s i r r e g u l a r b l o c k s of t r a p s of a l l 
s i z e s w i t h p i l l o w a p p e a r a n c e which t h e y sugges t t o be t h e 
r e s u l t o f l a v a f lows and bombs e n t e r i n g a sha l low s e a . Nakazawa 
and Kapoor (1973) a l s o r e p o r t e d p i l l o w l a v a w i t h s p i l i t i c 
c o m p o s i t i o n from Guryul Rav ine , Khunumu, S r i n a g a r , where i t 
i s s e e n a s a s i n g l e i n t e r f l o w i n t h e u p p e r p a r t of t h e P a n j a l 
T r a p s ; t h e o u t c r o p o f t h i s flow i s v e r y s m a l l , 20 m x 4 m, 
and 3 .5 m t h i c k . They conc luded t h a t t h e P a n j a l T raps i n t h e 
e a s t e r n and s o u t h e a s t e r n Kashmir were e r u p t e d " a t v e r y sha l l ow 
s e a - b o t t o m , p resumably c o a s t a l i f n o t l a g o o n a l c o n d i t i o n s " . 
A c c o r d i n g t o Pascoe (1959) t h e P a n j a l T raps e r u p t e d on c o a s t a l 
l a n d s u r f a c e s u b j e c t e i t o o c c a s i o n a l t r a n s g r e s s i o n s of s e a . o r 
on a s u b - m a r i n e s h e l f . However, Wadia (1957) conc luded t h a t t h e 
P a n j a l T r a p s of Kashmir r e p r e s e n t s u b a e r i a l e r u p t i o n s t h a t 
" b r i d g e t h e gap which i s u s u a l l y p e r c e i v e d a t t h e b a s e o f 
P e r a i a n i n a l l o t h e r p a r t s of I n d i a " . Dur ing t h e p r e s e n t 
s t u d y , c a r r i e d ou t m a i n l y i n L i d d e r w a t a r e a , p i l l o w s t r u c t u r e 
was n o t o b s e r v e d i n t h e P a n j a l T r a p s . F u r t h e r , p e t r o g r a p h i c 
and geochemica l i n v e s t i g a t i o n do n o t f a v o u r e r u p t i o n of t h e s e 
l a v a s u n d e r m a r i n e c o n d i t i o n s o f any n a t u r e , o r f o r t h a t m a t t e r , 
even t h e t r a n s g r e s s i o n a l c o n d i t i o n s a t l e a s t d u r i n g t h e 
u p w e l l i n g of t h e t h i r t y - t w o flows t h a t were s t u d i e d . 
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The cha rac t e r i s t i c feature of the Panjal Traps of the 
Lidderwat area i s t h e i r ves icular na ture . Vesicles in a 
s ingle flow vary in size from small specks to as la rge as 
8 centimeters ( longes t - ax i s ) , generally t h e i r diameter i s 
1 cent imeter . Pipe amygdules, mostly confined to basal Parts 
of each flow, are also observed. 
Under subaqueous conditions of lava eruption below a 
ce r t a in c r i t i c a l depth, separation and expansion of dissolved 
gases in to bubbles wi l l be inhibi ted by the pressure of over-
ly ing water (Rittman, 1936; Macdonald, 1954a; McBirnery, 1963). 
Rittman1s (1936) t h e o r e t i c a l deduction of 2,000 meters as 
c r i t i c a l depth has recent ly been confirmed by dredging on 
submerged portions of the East r i f t zone of Kilsuea volcano, 
Hawaii. At a depth of 4,000 meters ves ic les are rare and 
average l e s s than 0.1 mm in diameter; lava erupted at 800 meters 
have only 10$ of the ves ic les with an average diameter greater 
than 0.5 mm whereas below 800 meters ves ic les decrease both 
in number and diameter (Moor, 1965). However, the lavas 
erupted in shallow waters may have the same ves icu la r i ty as 
subaer ia l flows but in that case lava develops pillow s t ructure 
which i s a d i s t inc t ive feature of the subaqueous erupt ions . 
Tag! (1969) and Snyder and Prazer (1963a, b) maintain in t rus ive 
o r ig in for cer ta in pillow lavas , the magma having intruded 
in to unconsolidated s i l t y or sandy sediment with 70 to 85 
volume percent water on sea bottom may resu l t in pillow 
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s t r u c t u r e s . Whether we assume eruption of lava in subaqueous 
environment or in t rus ion of magma in to unconsolidated s e d i -
ments impregnated with water on the sea bottom, under both 
circumstances the presence of water to the extent of a t l e a s t 
70 to 85 volume percent i s p re requis i te for the formation 
of pil low s t ruc tu re s . 
The pillow s t ruc tu re , however, was not observed on any 
of the flows of the Panjal Traps form base to the top in the 
area under discussion. Thus, t h i s feature in addition to the 
high ves i cu la r i ty of these rocks suggest that the Panjal lava 
eruption took place under subaerial environment. 
The composition of the plagioclase crys ta ls in the 
Panjal Traps i s highly calcic (An,-fi- Anfi„) . This i s also 
expressed by the high CaO content of these rocks in t h e i r bulk 
chemistry; CaO var ies from 13.06 to 6.84$, with an average of 
9.88$. Under subaqueous environment of eruption ionic exchange, 
Ca from lava for Na of ocean water, r e s u l t s in the deplet ion 
of Ca in the lava and, as such, p lagioclase composition changes 
from ca lc ic to sodjc nature ; thus , Ca content in the bulk 
composition decreases. This type of chemical exchange has been 
invoked by many inves t iga to rs (Daly, 1914; Beskow, 1929; 
Gil lu ly , 1935; Park, 1946; Szadeky-Kardoos, 1963; Rttsler, 1963) 
to explain the secondary or igin of s p i l i t e s . Nakazawa and 
Kapoor (1973) also argued that pillow lava reported by them in 
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the Panjal Traps at Guryul Ravine, Srinagar i s s p i l i t i c in 
composition and has formed due to the eruption of Panja l lava 
in coas ta l or lagoonal conditions during the t ransgress ion 
of the sea water. But in Lidderwat area , as noted e a r l i e r , 
pillow s t ructure was not observed in the Panjal Traps, and 
also the lavas are t h o l e i i t i c with high Ca-content ins tead 
of s p i l i t i c ; the chemical exchange between Ca of Panjal lava 
and ocean water does not appear to have occurred. 
Furthermore, submarine basa l t s are found to have con-
s i s t e n t l y low concentration of TiOp» KpO a n d ^"p^ (Manson, 
1968; Cann, 1971)* Loss of K from lava through exchange with 
Na of sea water causes depletion of KpO in the lava erupted 
under sea water (Aumento, 1969; Cann, 1969). Hart (1970) 
concluded that TiOp, KpO, and PpOc are l o s t to sea water in 
the order of Ti02>K20> P 2 0 5 * T n o u S l 1 enriched values of Na20 
are consis tent with the assumption tha t the Panjal Traps 
erupted under subaqueous conditions, the high percentage of 
K20 and Ti02 goes against t h i s in view of the findings of 
Hart (1970), S t i l l , supposing the Panjal lava erupted under 
submarine conditions and l a t e r a l ka l i metasomatism increased 
i t s potassium concentration above normal, i n that condition 
TiOp should also have very l ess s ince t h i s element i s l o s t to 
sea water in preponderance to KpO and P2°5 a n a "there i s no 
evidence to warrant consideration of l a t e r enrichment of Ti02 
from some extraneous source. Ins tead, Ti0o content of the 
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Panjal Traps i s even s l i ghtly above normal for t h e i r t h o l e i i t i c 
nature which may be due to t h e i r r e l a t i v e l y deeper source 
(Beus, 1976). Moreover, the high ?
 2° 5 content of the Panjal 
Traps also suggests tha t t h i s element in these rocks has not 
been depleted under oceanic water. Basal ts erupted under 
marine conditions have generally low P^Oc V a l u e s (Clarke, 1970). 
Thus, various l i n e s of evidence strongly ind ica te that 
the Panjal Traps are the resu l t of volcanic eruption tha t 
occurred subaer ia l ly . The two i so la t ed occurrences of pillow 
s t ruc tu re s in Kolahai-Basmai and Guryul Ravine, Srinagar, are 
probably due to loca l l imited subaqueous conditions. 
Tectonic Set-up 
Based on the major oxide and ra re earth composition of 
s p i l i t i c pillow lavas of the Panjal Traps a t Guryul Ravine 
near Srinagar, Nakazawa and Kapoor (1973) noted "strong 
resemblance" of these rocks with the geosynclinal basic volcanics 
of l a t e Palaeozoic in Japan which according to Sugisaki et a l . 
(1971) are the resu l t of ocean spreading l ike that of the 
Gulf of Aden and Red Sea. Nakazawa and Kapoor ( o p . c i t . ) suggest-
ed tha t though the Panjal Traps and the geosynelinal basic 
volcanic of Palaeozoic in Japan belong to two dif ferent types 
of environment of erupt ion, the Panjal Traps may offer an 
i n t e r e s t i n g problem on the genesis of the basa l t s with "oceanic 
a f f i n i t y " . 
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Ahmad and Ahmad (1976) suggested tha t the basic volcanic 
rocks along the Himalayas from the Panjal Traps of Kashmir in 
the west to the Abor volcanics of Assam in the east with 
Mandi and Bhowali t r aps of Himachal Pradesh and Ut ta r Pradesh 
respect ive ly in between, and t he i r counterparts in southern 
and western Siberia, are the resu l t of ocean spreading along 
t h i s region. However, Ahmad (1977) opined that t h i s volcanic 
a c t i v i t y occurred much to the north of Kashmir and continued 
for a long time before the actual ocean spreading, to l a s t 
for a short span of t ime, s tar ted in the Triassic per iod. To 
account for the present posit ion of the Siberian-Cathysian 
block, Ahmad and Ahmad (1976) suggested tha t t h i s block was 
o roc l ina l ly rotated in the clock-wise sense around a pivot in 
the Verkhoyansk mountain area in the Jurass ic period. Rotation 
of Siber ia i s also indicated by the paleomagnetic s tudies of 
Hamilton (1970) and Kropotkin (1971). 
Vine (1966) thinks that flood basa l t s erupt much before 
the continents s p l i t apar t . Flood t raps may precede the 
breaking up of a continent and development of a spreading 
p l a t e margin on the l i n e s suggested by Cox (1970) for the 
Gondwanaland. 
In the present study, "geochemieal f ingerpr in ts" are 
used to provide more deta i led information about the tec tonic 
environment of the Panjal Trap erupt ion. For t h i s purpose, the 
methods proposed by Pearce and Cann (1973), Flyod and Winchester 
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(1975)» and Pearce e t a l . (1975) are used. Pearce and Cann 
(1973) showed that t r ace elements l i k e Ti, Zr, Y, Nb, and Sr 
can be used to determine the tec tonic s e t t i ng of the bas ic 
volcanic rocks. The main problem in t h i s type of study i s 
the chemical mobility of elements during a l t e r a t ion processes. 
The nature of t race elements composition of the Panjal Traps 
has already been discussed and i t can be inferred tha t the 
use of these elements may largely display primary features 
of these rocks. Moreover, the elements used here have been 
shown to be insens i t ive to a l t e r a t i on processes. 
Pearce and Cann (1973) dist inguished different tec tonic 
environments of lava eruption. Ocean floor basal t s e r i e s 
belong to volcanic rocks erupted at accret ing p la te margins; 
i s land arc (low potassium) t h o l e i i t e su i t e (LKT), ca l c -a lka l i 
basa l t su i t e (CAB), and the shoshonitic sui te (SHO) are 
produced at converging p la te margins. Within-plate basa l t s 
(WPB) include basa l t s of continental regions and ocean is lands 
which are erupted within p l a t e s . This type of vulcanic i ty i s 
a t t r i b u t e d to hot mantle plumes. 
Pearce and Cann (1973) proposed a set of diagrams to 
determine the tec ton ic set up of lava eruption of unknown 
b a s a l t i c rocks. After character iz ing the nature of the magma, 
t h o l e i i t i c or a l k a l i c , by Y/Nb r a t i o , the three diagrams, 
Ti-Zr-Y, Ti-Zr ( fo r a l tered samples), and Ti-Zr-Sr ( f o r fresh 
rocks) , are p lo t t ed . On Ti-Zr-Y diagram, wi th in-pla te basa l t s 
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f a l l i n a d i s t inc t f ie ld D, and ocean f loor basal ts in f ie ld B. 
Calc-a lka l i basa l ts p lo t in f ie lds C and B, and low potassium 
t h o l e i i t e s in f ie lds A and B. Winchester and Floyd (1975) 
found tha t a number of "clearly cont inental t h o l e i i t e s " , 
such as Tert iary Baffin Bay b a s a l t s , p lot in ocean f loor 
basa l t f i e ld of the Ti-Zr-Y diagram and Ti-Zr diagrams, and 
show a trend s imilar to ocean floor ba sa l t s on Ti-Zr diagram. 
They also quote the c l a s s i f i ca t ion of these cont inental 
t h o l e i i t e s as "oceanic" on the Ti0~-Ko0-Po0c discrimination 
2 2 2 5 
diagram of Pearce et a l . (1975). On these basis they suggest-
ed tha t the f ie ld B (ocean floor basa l t field) of the Ti-Zr-Y 
diagram of Pearce and Cann (1973) represent not only ocean 
f loor basa l t s but a l l t h o l e i i t i c b a s a l t s erupted in a r i f t i n g 
environment (such as mid-oceanic ridge continental r i f t s ) 
from re l a t i ve ly primit ive magmas. 
After wi th in-p la te basa l t s have been ident i f ied or 
screened out on Ti-Zr-Y diagram, the next step i s to p lo t the 
Ti and Zr values on Ti-Zr diagram to confirm the charac te r iza-
t ion of other basa l t types (ocean f loor b a s a l t s , i s l and arc 
b a s a l t s , e t c . ) . In t h i s diagram none of the basa l t types 
occupies a single d i s t i n c t region. Ocean floor ba sa l t s plot 
in f i e lds D and B, ca l c -a lka l i ba sa l t s within C and B, and 
low potassium t h o l e i i t e s in f ie lds A and C. Thus a l l the basa l t 
types encroach on f ie ld B. In cases where majority of the p lo ts 
l i e in f ie ld B, Pearce and Cann (1973) suggested tha t further 
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evidence about the t ec ton ic environment of lava eruptions 
should be sought. 
The th i rd diagram of the proposed discriminant flow-
char t , Ti-Zr-Sr, i s used for fresh samples and for those rocks 
in which Sr content has been shown unaffected. In t h i s 
diagram ocean floor basa l t s are well separated in f ie ld C, 
low potassium t h o l e i i t e s plot in f ie ld A, and ca l c -a lka l i 
ba sa l t s in field B. 
Figure 18 shows plots of (a) Ti-Zr-Y, (b) Ti-Zr, and 
(c) Ti-Zr-Sr for the Panjal Traps on Pearce and Cann's (1973) 
diagrams. On Ti-Zr-Y diagram (Figure 18a), the p lots ex-
c lus ively occupy B f ie ld which suggests ocean f loor basa l t 
t ec ton ic environment. Since, f ield B in t h i s diagram i s also 
encroached by ca l c - a lka l i basal ts and low potassium t h o l e i i t e s , 
assignment of the Panjal Traps to an ocean floor basa l t 
environment may need further v e r i f i c a t i o n . However, the 
p o s s i b i l i t y of wi th in-p la te basal t t ec tonic environment for 
these rocks may be el iminated. 
On Ti-Zr diagram (Figure 18b), the Panjal Traps occupy 
f i e ld D which i s d i s t i n c t i v e for ocean floor b a s a l t s . Thus an 
ocean f loor basa l t or spreading p la te margin environment may 
be suggested on t h i s b a s i s . This i s also supported by the 
p lo t s of these rocks on Ti-Zr-Sr diagram (Figure 18c) i n which 
points f a l l in f ie ld G (ocean floor basa l t f i e l d ) . 
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Miyashiro and Shido (1975) have shown that abyssal 
t h o l e i i t e s (ocean ridge t ho l e i i t e s ) c l u s t e r within a small 
d i s t i n c t region on p lo t s of Fe20^+ FeO, V, and TiOp against 
Fe2CU+FeO/MgO (Figures 12a, b , and 16b) and V against Cr 
(Figure 16a). I t i s seen that majority of the points for the 
Panjal Traps l i e within the abyssal t h o l e i i t e region 
(enc i rc led area) on these diagrams except i n Figure 16a in 
which the points plot outside the abyssal t h o l e i i t e f i e l d . 
This i s obviously due to low Cr content which has been i n -
ferred to be re la ted to the separation of early formed 
pyroxenes. Although these diagrams do not dis t inguish between 
the d i f ferent tec tonic environments of lava eruption, they 
do, indeed, show a f f in i t y of the chemical composition of the 
Panjal Traps with the ocean ridge b a s a l t s . Such a s imi l a r i t y 
may fur ther lend support to the ocean floor basal t tec tonic 
environment of eruption for the Panjal Traps as i s indicated 
by the p lo t s of these rocks on Pearce and Cann's (1973) 
diagrams. 
Ocean floor basa l t s are produced at diverging plate 
boundaries. Such basa l t s are predominantly and characterist i -
ca l ly pil low lavas with associated diabase dikes, gabbros and 
ul t ramaf ics (Pearce, 1975)- These rocks characterise mid-ocean 
ridges and marginal basins (Hart et a l . , 1972). As noted 
e a r l i e r , the Panjal Traps in the area under investigation do 
not exhib i t pillow s t ruc tu re s . Such a character which indica tes 
cont inental environment of lava eruption appears incompatible 
92 
with the strong s imi l a r i t y in chemical composition and the 
in fe r red tectonic s e t t i n g of eruption tha t these rocks show 
with ridge b a s a l t s . 
The resolut ion of t h i s contradictory evidence may be 
sought in the ternary diagram of Pearce et a l . (1975). This 
diagram used Ti02 , K20 and ?2^5 a s ^ree end members. With the 
help of t h i s diagram, Pearce et a l . (1975) found tha t non-
a lka l ine "primitive" oceanic and non-oceanic (cont inenta l ) 
b a s a l t s can be discr iminated. They used a maximum of 20$ a lka l i s 
i n (Fe20^+ FeO) - MgO - (Na20 + K20) diagram as a screen for 
the analyses of b a s a l t i c rocks that can be plot ted on t h i s 
diagram. Of the various basal t su i tes from different pa r t s 
of the world plot ted on t h i s diagram, Pearce et a l . (1975) 
found tha t the Ter t iary basa l t s of Scoresby Sund, Greenland and 
the Deccan t raps of India show abnormal p l o t s . Though both 
these su i t e s are accepted to be eruption in cont inental 
environments, they occupy regions of oceanic basa l t s in the 
T i0 2 - K20 - P 2 0 r diagram. Pearce et a l . (1975) suggested that 
"cont inenta l basa l t s su i te displaying oceanic a f f in i ty in the 
T i0 2 - K20 - PpOr diagram may be a r e su l t of abortive attempt 
to generate new ocean f loor" . 
Out of the 32 analyses represent ing the th i r ty- two flows 
in Lidderwat area tha t were sampled and analysed for the present 
study, only 15 analyses were found to contain l ess than 20# 
a l k a l i s in t o t a l MFA. When these analyses were p lo t ted on the 
T i0 2 - K20 - ?20c diagram, 60% of the t o t a l points f a l l i n 
9 3 
Ti02 
Figure 19.T1O2 —K2O —P2°5 Ptots of thePanjal 
Traps on Pearce etal.(l97 ) The boundary line 
in the diagram separates oceanic and non-oceanic 
(continental) environments-
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oceanic region whereas the res t plot in non-oceanic region 
(Figure 19) • I t i s evident from t h i s diagram that those 
analyses that plot in non-oceanic f ie ld are very close to the 
discriminant boundary and do not extend much away from i t . 
Fur ther , the p lo ts have a l i nea r trend extending from oceanic 
to non-oceanic f ie ld towards KpO corner of the diagram. 
Weathering and a l t e r a t i o n tend to move oceanic basa l t s into 
non-oceanic f ie ld ; however, a l te red basa l t s which p lo t in 
oceanic region are unl ike ly to have a non-oceanic or ig in 
(Pearce et a l . , 1975). I t has been mentioned e a r l i e r tha t 
the Panjal Traps have been enriched in a lka l i s which may be 
responsible for the p lo ts of some of these rocks in non-
oceanic f i e l d . 
Also, i t was noted that the Panjal Traps have Sr-depleted 
charac ter similar to submarine t h o l e i i t e s ( ridge b a s a l t s ) . 
Furthermore, the Panjal Traps bear resemblance in t h e i r Sr-
depleted nature with Antarctic t h o l e i i t e s (average Sr = 120 
ppm; Gunn, 1966; Compston et a l . , 1968), Tasmanian Thole i i tes 
(average Sr = 130 ppm, Heier et a l . , 1965; MacDougall, 1962) 
and Deccan traps (average Sr = 100 ppm, Karkare, 1965). How-
ever, ridge basa l t s are low in Ba t oo . In the Panjal Traps 
both Rb and Ba contents have been suggested to represent 
enriched amounts. Thus, nothing can be said with r e l i a b i l i t y 
about the or iginal amounts of these two elements except that 
they were probably lower in the magma at the time of i t s 
ex t rus ion . 
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Compston et al. (1968) found that Mesoeoic dolerites of 
Antarctica and Tasmania have significantly close similarity 
in their geochemistry and age which may not be a simple 
coincidence. They opined that a common source and history for 
these two now widely separated basic rocks may be explained 
by accepting the proposition that Tasmania and Antarctica 
were joined together in Jurassic period. They suggested a 
similar approach to explain the chemical and chronological 
similarity of basaltic rocks of South Africa and South America. 
Brooks (1973) opined that the Tertiary basalts exposed in 
East Greenland may be related to the initial rifting of the 
(super) continent and generation of ocean floor with the 
formation of Atlantic ocean. Possibly the basalts of West 
Greenland and Baffin Islands are contemporaneous with the 
opening of Labrador Sea (Clarke, 1970; Clarke and Upton, 1971; 
2 
Le Pichon et a l . , 1971). Similarly, the 50,000 km of basa l t s 
forming Deccan t raps may be related to a major flexure or 
tens ional feature approximately p a r a l l e l to the mid-oceanic 
ridge (Gibson, 1971). Thus, i t may be suggested that the Panjal 
Traps represent volcanic eruptions tha t occurred in a r i f t i ng 
environment. The p lo ts of these rocks in ocean f loor basa l t 
f i e lds in the Pearce and Cann's (1973) diagrams may indica te 
tha t ocean floor basa l t f ie ld in these diagrams includes not 
only ocean floor ba sa l t s but a l l such basa l t s tha t are erupted 
in a r i f t i n g environment. 
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The present inves t iga t ion thus , support the view of 
Nakazawa and Kapoor (1973) that the Panjal Traps bear oceanic 
a f f i n i t y . The most p laus ib le suggestion for the or ig in of 
these rocks consistent with t h e i r oceanic a f f in i ty and the 
infer red tectonic environment of eruption may be the one 
propo-sed by Ahmad (1977) tha t these volcanic rocks are the 
r e s u l t of eruptions tha t preceded the ac tua l fragmentation 
and separat ion of Siberian-Cathysian block from Gondwanaland 
and the formation of mid-ocean ridge and consequent Tethys 
ocean in t h i s region during Triassic per iod. The phase of 
ocean spreading was short l ived when in Cretaceous period the 
southward movement of Siberian-Cathysian block due to the 
push of the G-akkal r idge in Arctic ocean which s ta r t ed forming 
during t h i s period, and the northward migration of India due 
to i t s orocl inal ro ta t ion about a pivot in Baluchistan arc , 
closed the then emergent Tethys ocean. Such an explanation 
i s in conformity with the geochemical r e su l t s of the Panjal 
Traps. TiO_- KJD - P?0(- diagram for these rocks also i n d i -
cates tha t these lavas were erupted along a r i f t tha t was 
l a t e r "aborted". Kamen-Kay (1972), Burret t (1972) and Menzies 
(1976) agree that the Tethys opened up as an ocean by "rifts". 
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SUMMARY AND CONCLUSION 
The P a n j a l T raps occupy an i m p o r t a n t p o s i t i o n b o t h i n 
a r e a a s w e l l as s t r a t i g r a p h i c a l column of Kashmir . F o r t h e 
most p a r t of t h e i r e x t e n s i o n t h e y o c c u r i n a m a s s i v e lump 
shape fo rming h i g h m o u n t a i n peaks and s t e e p c l i f f s . However, 
on Mount Kayol i n L i d d e r w a t a r e a , where t h e s e l a v a r o c k s 
e x h i b i t a bedded d i s p o s i t i o n , t h i r t y - t h r e e flows were 
d e l i n e a t e d . The a d j a c e n t flows have c h i l l e d c o n t a c t s ; no 
i n t e r t r a p p e a n s were o b s e r v e d i n t h e a r e a . 
P e t r o g r a p h i c a l l y , excep t f o r l o w e r two f l o w s , t h e whole 
f low sequence i s p l a g i o c l a s e - p y r o x e n e a p h y r i c a s semblage wi th 
c o n s p i c u o u s s u b - o p h i t i c t e x t u r e . The l o w e r two flows c o n t a i n 
l a r g e p h e n o c r y s t s of h i g h l y c a l c i c p l a g i o c l a s e s (An^g- AnR2^ 
a r r a n g e d i n a s t a r - s h a p e d form. The m i n e r a l o g i c a l change 
n o t e d from bot tom t o t o p flows f o l l o w s an i r o n - e n r i c h m e n t 
t r e n d i n pyroxenes whe reas p l a g i o c l a s e s show i n c r e a s e i n 
s o d i c members . Such a change i s o b s e r v e d bo th i n m i c r o -
p h e n o c r y s t i c m i n e r a l p h a s e s as w e l l a s i n groundmass m i n e r a l s . 
The p r o p o r t i o n of p y r o x e n e s remains s u b o r d i n a t e t h r o u g h o u t t h e 
whole sequence though some i n c r e a s e i s n o t e d i n py roxene 
i n 
m i c r o p h e n o c r y s t s / s u c c e s s i v e u p p e r f l o w s . O l i v i n e i s t y p i c a l l y 
a b s e n t from t h e mode of t h e s e r o c k s , n o r were o b s e r v e d any 
u l t r a m a f i c i n c l u s i o n s o r x e n o c r y s t s . 
Some p l a g i o c l a s e and pyroxene c r y s t a l s have unde rgone 
a l t e r a t i o n t o e p i d o t e s , c h l o r i t e s , and o t h e r s econda ry m i n e r a l s . 
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However, a l t e r a t i on of primary minerals have not affected the 
o r ig ina l t ex tura l re la t ionship of primary minerals. Albite 
and b i o t i t e are also present; they occur along cleavage 
t r aces and f rac tures , and show cross-cut re la t ionship with 
primary t ex tu ra l features which may suggest t he i r develop-
ment a f t e r the s o l i d i f i c a t i o n of l ava . The origin of both 
a l b i t e and b i o t i t e i s a t t r ibu ted to the l iqu ids from g ran i t i c 
i n t ru s ion of Tert iary age that occur in nearby Gangbal, Kangan 
£lI*6SL • 
The a l t e ra t ion of the Panjal Traps i s found to be 
l a rge ly isochemical with the exception of concentration of 
a l k a l i elements. These rocks are r e l a t i v e l y low in MgO 
content . Chemical charac te rs , such as lower Fe 0,/FeO r a t i o , 
which indicates low oxygen pressure re la ted to low water 
content of the magma, suggests that these rocks are of 
t h o l e i i t i c descent. Original lower water content of the magma 
i s also indicated by the absence of primary hydrous minerals . 
Tho le i i t i c nature of these rocks i s also supported by t h e i r 
t race element composition, such a s , high V, Cu, and G-a 
contents , and high Nb/Y r a t i o , e t c . However, the appearance 
of o l iv ine and nepheline in the norm of some analyses and the 
p lo t s of these rocks in high-alumina and a lka l i -o l iv ine basal t 
region on a l k a l i - s i l i c a var ia t ion diagram (see Figure 8) and 
in ca lc -a lka l ine f i e ld on MFA diagram (see Figure 9) defy 
t h e i r t h o l e i i t i c l i neage . This contradictory resul t i s inferred 
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to be due to the enrichment of alkali contents which have 
caused the build up of olivine and nepheline in the norm and 
also shift of the points from their actual tholeiite field. 
The low MgO content of these rocks may be attributed 
to the early separation of olivine and a part of pyroxene 
from the magma during its ascent from deeper source region to 
crustal reservoir. This is also favoured by the low Ni, Co, 
and Cr values as all these trace elements are incorporated 
in the structure of early olivine and pyroxene. In the process 
of separation of these more mafic minerals, the composition 
of the magma may have become enriched in Ca and Al relative 
to Mg and Fe. Also, separation of olivine and pyroxene, 
both being anhydrous minerals, may have caused an increase 
in the volatile content in the magma. On reaching low pressure 
environment, the volatiles along with some lava escaped with 
violent outburst causing the formation of agglomeratic slate 
that underlies the Panjal flows. The crystallization of 
plagioclase prior to pyroxene appears to have taken place 
due to Ca - Al rich composition of the magma under low water 
pressure conditions. But this phase of plagioclase crystalliza-
tion probably did not last for any appreciable time since only 
little amount of plagioclase as phenocrysts, confined to lower 
two flows, is present in the whole sequence. The erupti©n of 
volatiles and some lava that preceded the main lava eruption 
may have developed an opening which provided a channel for 
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regular lava outflow with the resu l t magma did not find enough 
time to reside at shallow reservoirs to f ract ionate s i g n i f i -
can t ly . This i s indicated by an overa l l uniformity of the 
mineral and chemical composition of these rocks both on 
loca l as well as on regional scale and the general absence 
of the more d i f fe ren t ia ted members. 
The high concentration of Rb and Ba are inferred to 
be re la ted to a lka l i metasomatism. Granit ic l iquids are 
enriched in Rb and Ba and low in Sr. The invasion of such 
l i qu id s on the Panjal Traps may have increased Rb and Ba 
contents leaving Sr unaffected. Low Sr values of these rocks 
show close s imi la r i ty with ocean ridge t h o l e i i t e s and some 
Sr-depleted continental t h o l e i i t e s , such a s , Tasmanian, 
Anta rc t i c , Wyoming, and Deccan t r a p s . Shallow wall react ion 
model suggested for the Sr-depleted character of Tasmanian 
and Antarct ic t h o l e i i t e s has been found to be incons i s t en t . 
Also, extensive plagioclase c ry s t a l l i z a t i on suggested for 
Wyoming diabases does not explain the low Sr content of 
p lagioc lase r ich lower two flows of the Panjal Traps. Instead, 
the low Sr content of the Panjal Traps i s more reasonably 
explained by the Sr-depleted mantle source region where the 
Panjal magma was generated. 
The resemblance i n low Sr contents of the Panjal Traps 
with ocean ridge basa l t s and some continental t h o l e i i t e s may 
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i nd ica t e some genetic r e l a t ionsh ip . Ridge basa l t s are accepted 
to o r ig ina te along the accret ing p la te margins. Tasmanian 
and Antarct ic t h o l e i i t e s , as a l so , Deccan t r aps , hare "been 
suggested to hare or iginated by the r i f t i n g of cont inental 
c r u s t . P lo t s of the Panjal Traps on Ti-Zr-Y, Ti-Zr, and 
Ti-Zr-Sr diagrams (see Figure 18a, b and c) indicate ocean 
ridge tec tonic set up of t h e i r erupt ion. Similar i ty of these 
rocks with the ocean ridge basa l t s i s a lso indicated on t o t a l 
i ron - Pe 20 3 + FeO/MgO, V — Fe20,+ FeO/MgO, and Ti02 - Fe20,+ 
FeO/MgO diagrams (see Figure 12a, b and c) . However, the charac-
t e r i s t i c feature of ocean ridge b a s a l t s , the pillow s t ruc tu re , 
i s missing i n the Panjal Traps except very l imited occurrences 
reported from two i so l a t ed l o c a l i t i e s . Moreover, t h e i r high 
ves i cu l a r i t y and high CaO contents also indica te cont inental 
environment of eruption. This contradict ion in geographical and 
tec ton ic environment of the Panjal Trap eruption may be resolved 
by p l o t t i n g these rocks using Ti0 2 - EgO - ^2^5 d i a g r a m which 
has been proposed for discriminating oceanic and cont inental 
environments of b a s a l t i c lava erupt ion. On th i s diagram the 
Panjal Traps occupy oceanic region (see Figure 19). The p lo t s 
of some points in non—oceanic region may be a t t r ibu ted to en-
riched KJD contents of those samples. I t i s inferred tha t the 
oceanic a f f in i ty of the Panjal Traps on the one hand and con t i -
nental type of environment of eruption on the other ind ica tes 
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a genetic relationship between the mechanism of lave eruption 
along ridge basalts and the Panjal Trap activity. On this 
basis it is suggested that the Panjal lave eruptions represent 
the early stage of a long extended phase of ridge formation 
which was later "aborted". Such a suggestion supports the 
earlier observation of Nakazawa and Kapoor (1973) that the 
Panjal Traps bear "oceanic affinity", and also, the model 
suggested by Ahmad (1977) that the Panjal lava eruptions 
preceded the actual separation of the Siberia from the 
G-ondwanaland and the formation of Tethys ocean by ocean floor 
spreading along a mid ocean ridge during Triassic period. 
Later, the formation of the Gakkal ridge in Arctic ocean in 
Cretaceous period pushed the Siberian-Cathysian block south-
ward. This was homotaxial with the northward oroclinal 
movement of India about a pivot in Baluchistan. The net result 
of the movement of the two blocks in their opposite directions 
was the closure of the Tethys ocean. 
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APPENDIX A 
ANALYTICAL TECHNIQUES EMPLOYED IN THE PRESENT 
GEOCHEMICAL INVESTIGATIONS 
Major Element 
Rapid methods of s i l i c a t e rock a n a l y s i s employed by 
S h a p i r o and Brannock (1962) were u s e d t o de t e rmine t h e ma jo r 
o x i d e s of t h e s a m p l e s . SiOp, AlpO, , T i O ? , t o t a l i r o n a s 
FepO-z, p p ^ 5 a n d M n 0 2 w e r e determined by spectrophotometer 
(Beckman DU-2, American) by the development of coloured ions 
of the respective element and measuring their absorbance at 
specific wave length. 
SiOp and AlpO-z were determined in an aliquot of 
solution "A" prepared by fusion and digestion of a known 
weight (0.1 gm) of the sample powder with sixteen pallets of 
NaOH in a nickle crucible. After cooling, the melts were 
acidified with 20 cc. of 1 : 1 HC1 and boiled for ten minutes 
on a hot plate. Then the solutions were made to one l i t r e . 
Total iron as Fe20,, Ti02, ^2°5 a n d M n 0 2 w e r e 
determined on separate aliquots of solution "BM prepared by 
digesting a known weight (0.5 gm) of sample powder in platinum 
crucible with hydrofluoric acid (25-30 ml) and one or two 
drops of sulphuric acid over a steam bath. After complete 
removal of hydrofluoric acid fumes the contents of the 
crucible were treated with 10 cc. of dilute nitric acid in 
a beaker and thoroughly heated for 15 minutes. After cooling 
the volume of the solut ion was increased to 250 ml. 
Alkalis were analysed from an a l iquot of above 
mentioned solution MB" on a flame photometer (EEL, England). 
FeO, CaO and MgO were determined on sample powder with 
hydrofluoric acid in a platinum crucible with t i gh t f i t t i n g 
l i d s and subsequent t i t r a t i o n against potasium dichromate 
for FeO and against EDTA (Ethylene-diamine-tetra-acet ic acid) 
for CaO and MgO. 
HpO was determined by ign i t ing the sample powder i n a 
bulbous tube . The sample powder was dried at 105°C for two 
hours i n a furnace before i gn i t i on . 
To accomplish the analyses with highest possible 
degree of precis ion, both natural and synthetic standards were 
used. The natural standards used were PCC-1, BCR-1 , AG-V-1 , 
G-SP-1 and G-2. Before using any chemical for the preparat ion 
of synthe t ic standard, i t s blank was predetermined to find 
out the necessary correct ion fac tor . All the standards were 
t r ea t ed i n the same way as the unknown samples. Also, a 
reagent blank solut ion was set up with d i s t i l l e d water for 
each determination to remove the possible e r ror due to 
reagent contamination. 
Trace Elements 
Rb, Ba, and Sr were determined us ing P h i l l i p s X-Ray 
Fluorescence equipment (PW-1 310/50 generator with PW 1320 
control cabinet). For this purpose pressed pallets of the 
sample powders with boric acid as backing material were made. 
Same natural standards as used in major oxide analyses were 
run along with the unknown samples. For each set of 9 unknown 
samples the above named natural standards were ran before 
and after the unknown samples. For each determination at 
least two readings were taken to determine the average value. 
Rest of the trace elements reported in this work were 
analysed by DC Arc emmission spectrograph^ using Hilger large 
spectrograph with interchangeable glass and quartz prism. 
The finely ground samples mixed with an equal weight of 
carbon powder was burnt in a carbon electrode, in a 9 mmp 
DC arc, with the material in the cathode. Spectrograms were 
then compared in a Hilger Judd Lewis Comparator with those 
prepared in a like manner from standard mixtures with a matrix 
similar to that of the material being examined. In this type 
of analysis too, the same natural standards were used as 
reference. At least two arcs were made for each sample to 
determine the average value. 
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